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(54) 1 -Methyl carbapenem derivatives, their preparation and their use as antibiotics. 

(57) Compounds of formula (I) : 



COA 




in which : R 1 is hydrogen or an unsubstituted or substituted alkyi group ; and A represents a number of 
cyclic or acyclic nitrogen-containing groups are valuable antibiotics which are resistant to dehydropep- 
tidase I in vivo. Methods of preparing the compounds and of using them are also disclosed. 
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The present invention relates to a series of new 1 -m thylcarbapenem derivatives which have excellent an- 
tibiotic activity and outstanding stability in vivo. The invention also provides methods and compositions using 
these derivatives for the treatment and prophylaxis of Infections, as well as processes for their preparation. 

The carbapenem compounds are a well known series of compounds, related to the penicillins, which hav 
5 been used or have been proposed for use as antibiotics. They have in common a basic structure which may 
be represented by the formula (A): 



10 




15 

In this formula, we have indicated the numbering of those positions of importance to the carbapenem com- 
pounds, using the numbering scheme commonly used in the art and as employed in the nomenclature of th 
compounds of the present invention. In accordance with the recommendations of the International Union of 
Pure and Applied Chemistry (IUPAC), Commission on Nomenclature of Organic Chemistry, the compounds 

20 referred to herein are named semi-systematically, using the above carbapenem structure as the parent name. 

Those carbapenem antibiotics having no substituent at the 1 -position are potentially a very useful series 
of compounds which have extraordinarily potent antibacterial activity. Unfortunately, however, they are chem- 
ically unstable and, moreover, are sensitive to dehydropeptidase I in vivo . Dehydropeptidase I is an enzyme 
which hydrolyses the p-lactam ring in carbapenem antibiotics and which exists in mammalian tissue, for ex- 

25 ample in the renal cortex. It is responsible for the extensive metabolisation of many otherwise valuable p-lactam 
antibiotics in animals, including humans, thus greatly reducing their value. Despite these disadvantages, these 
carbapenem antibiotics are finding increasing use in the treatment of bacterial infections. Atypical and common 
antibiotic of this type is thienamycin, which has the formula (B): 



30 



35 



40 



OH 




Metabolism of the antibiotic in vivo may be demonstrated by a low recovery of the compound itself (as op- 
posed to its metabolic products) in the urine, and this has been demonstrated for thienamycin [H. Kropp et al „ 
45 Antimicrob. Agents, Chemother., 22, 62 (1 982); and S. R. Norrby et at., ibid., 23, 300 (1 983)]. 

Although it has been found that carbapenem compounds having a substituent at the 1 -position (commonly 
a 1 -methyl group) do not have this susceptibility to dehydropeptidase t in vivo, many of the compounds of this 
type discovered to date lack sufficient activity. It is, therefore, considered highly desirable to find a carbapenem 
antibiotic which combines the good activity of thienamycin with a resistance to dehydropeptidase I in vivo . 
so Many carbapenem compounds are now known. Some are described, for example, in European Patent Pub- 

lications No. 126 587, 182 213 and 333 175. EP 182 213 and EP 333 175 disclose compounds in which a thio- 
pyrrolidinyt group and its ring carbon atom substituent are linked by an alkylene group, and thus differ from 
the compounds of the present Invention in that there is no linking carbonyl group. The compounds disclosed 
in EP 126 587, on the other hand, are carboxylic thio-pyrrolidinyl beta-lactam compounds, and are thus thought 
.a 55 to represent the closest prior art to the compounds of the presentinvention. However, the present compounds 
have demonstrated significantly better activity than the prior art compounds. 

Thus, in a first aspect, the present invention provides compounds of formula (I): 

2 
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is wherein: 

R 1 represents: 

a hydrogen atom, 

an unsubstituted aikyl group having from 1 to 6 carbon atoms, 

a substituted aikyl group which has from 1 to 6 carbon atoms and which is substituted by at least 
20 one substituent selected from substituents (a), defined below, 
an alkenyl group having from 2 to 6 carbon atoms, 

an aJkynyi group having from 2 to 6 carbon atoms, or a group of formula -C(=NH)R°, where R° 
represents a hydrogen atom or an aikyl group having from 1 to 6 carbon atoms; and 
A represents a group of formula (A1), (A2), (A3), (A4), (AS), (A6), (A7) or (A8): 

25 
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R7 




wherein: 

R 2 represents: 

a hydrogen atom, 

an unsubstituted alkyl group having from 1 to 6 caibon atoms, . . 

a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least 
on substituent selected from substituents (b), defined below, 
an alkenyl group having from 2 to 6 carbon atoms, 
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an alkynyt group having from 2 to 6 carbon atoms, or 
a group of formula -C{=NH)R 6 , 

where R 8 represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 6 car- 
bon atoms, a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least 
5 one substituent selected from substituents (c) ( defined below, or a cydoalkyl group having from 3 to 7 ring car- 
bon atoms; 

R 3 , R 4 and R 7 are independently selected from: 
hydrogen atoms, 

unsubstituted alkyl groups having from 1 to 6 carbon atoms, 
10 substituted alkyl groups which have from 1 to 6 carbon atoms and which are substituted by at 

least one substituent selected from substituents (d), defined below, 
halogen atoms, 
hydroxy groups, 
carboxy groups, 

15 groups of formula -CO.NR«R b , -OCO.NR*R b and -NR*R b , 

wherein R* and R b are independently selected from hydrogen atoms and alkyl groups hav- 
ing from 1 to 4 carbon atoms, and 
cyano groups; 
R 8 represents: 
20 a hydrogen atom, 

an unsubstituted alkyl group having from 1 to 6 carbon atoms, 

a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least 
one substituent selected from substituents (a), defined below, 

an alkenyl group having from 2 to 6 carbon atoms, or 
25 an alkynyl group having from 2 to 6 carbon atoms; 

R 9 represents: 

a hydrogen atom, 

an unsubstituted alkyl group having from 1 to 6 carbon atoms, 

a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least 
30 one substituent selected from substituents (a), defined below, or 
a group of formula -C(-NH)R 10 , 

where R 10 represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 6 
carbon atoms, a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least 
one substituent selected from substituents (c), defined below, or a cydoalkyl group having from 3 to 7 ring car- 
35 bon atoms; 

or 

R 8 and R 9 together represent a group of formula -(CH2)*-W-(CH2>r 

wherein W represents a carbon-carbon single bond, an oxygen atom, a sulphur atom or a group 
of formula >NR 22 , wherein R 22 represents a hydrogen atom or an alkyl group having from 1 to 6 carbon atoms, 
40 and 

s and t are independently 1 , 2 or 3; 
rii represents a hydrogen atom or an alkyl group having from 1 to 6 carbon atoms; 
R 12 represents: 

a hydrogen atom, 

45 an unsubstituted alkyl group having from 1 to 6 carbon atoms, 

a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least 
one substituent selected from substituents (a), defined below, 
an alkenyl group having from 2 to 6 carbon atoms, 
an alkynyl group having from 2 to 6 carbon atoms, or 
50 a group of formula -C^NHJR 13 , 

where R 13 represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 6 
carbon atoms, a substituted alkyl group which has from 1 to 6 carbon atoms and which Is substituted by at least 
one substituent selected from substituents (c), defined below, or a cydoalkyl group having from 3 to 7 ring car- 
bon atoms; 

<£5 R" and R 15 are independently selected from hydrogen atoms and alkyl groups having from 1 to &carbon 

atoms; 

Rte represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 6 carbon atoms, a sub- 
stituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least one-substituent 
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selected from substituents (c), defined below, or a cydoalkyl group having from 3 to 7 ring carbon atoms; 
R 17 and R ia are independently selected from: 
hydrogen atoms, 

unsubstituted alkyl groups having from 1 t 6 carbon atoms, and 
5 substituted alkyl groups which have from 1 to 6 carbon atoms and which are substituted by at 

least one substrtuent selected from substituents (a), defined below; 
or 

R 17 and R 18 together represent a group of formula -{CH^q-Y-tCHJr 

wherein Y represents a carbon-carbon single bond, an oxygen atom, a sulphur atom or a group 
10 of formula >NR 23 , wherein R 23 represents a hydrogen atom or an alkyl group having from 1 to 6 carbon atoms, 
and - . - 

q and r are independently 1 , 2 or 3; 
R 19 , R 20 and R 21 are independently selected from hydrogen atoms and alkyt groups having from 1 to 6 
carbon atoms; ... - 

15 Z represents an imidazolyl, triazolyl or tetrazolyl group; 

d isOorl; 

e, f, i, I and k are independently 1 or 2; 
q, £ and m are independently 0, 1 or 2; and 
n and jd are independently 1, 2 or 3; 
20 PROVIDED THAT, where A represents a group of formula (A1): 

R 2 , R 3 and R 4 do not all represent hydrogen atoms when R 1 represents a hydrogen atom; and 
R\ R3 and R 4 do not all represent hydrogen atoms when R 2 represents an alkyl group; 
said substituents (a) are selected from hydroxy groups, carboxy groups, cyano groups, halogen atoms, 
oxygen atoms (to form an oxo group), alkoxy groups having from 1 to 6 carbon atoms, and groups of formula 
25 -CO.NR*R b , -OCO.NR*R b and -NR»R b , wherein R* and R b are as defined above; 
said substituents (b) are selected from: 
hydroxy groups, 
carboxy groups, 
cyano groups, 
30 halogen atoms, 

alkoxy groups having from 1 to 6 carbon atoms, 

groups of formula -CO.NR«R b , -OCO.NR»R b and -NR*R b , wherein R« and R b are as defined 

above, 

sulphamoyl groups, 
35 ureido groups, 

sulpho groups, 

alkanoyi groups having from 1 to 6 carbon atoms, 
alkanoylamino groups having from 1 to 6 carbon atoms, 
alkanoyloxy groups having from 1 to 6 carbon atoms, 
40 alkylthio groups having from 1 to 6 carbon atoms, ^ - 

alkyisulphinyl groups having from 1 to 6 carbon atoms, and 
alkylsulphonyl groups having from 1 to 6 carbon atoms; 
said substituents (c) are selected from: 
halogen atoms, 

45 alkoxy groups having from 1 to 6 carbon atoms, 

cydoalkyl groups having from 3 to 7 ring carbon atoms; and 
said substituents (d) are selected from: 
hydroxy groups, 
cyano groups, 

so groups of formula -CO.NR«R b , -OCO.NR*R b and -NR*R b , wherein R» and R b are as defined 

above, 

carboxy groups, 
halogen atoms, and 

alkoxy groups having from 1 to 6 carbon atoms; 
54* _ and pharmaceutical acceptable salts and esters thereof, _ r ^ - - 

Th present invention also provides a pharmaceutical compositi n comprising a pharmaceutically accept- 
able carrier, diluent or adjuvant in admixture with an effective amount of an antibiotic, wherein the antibiotic is 
selected from compounds of formula (I) and pharmaceutically acceptabl salts and esters thereof. 
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Th present invention further provides th use of a compound of formula (I) for the manufacture of a med- 
icament for the treatment or prophylaxis of bacterial infections. 

The present invention also provides processes for preparing these compounds, which are described in 
greater detail hereafter. 

5 It is, therefore, an advantage of the present invention that it provides a series of new 1-methylcarbapenem 

compounds having antibiotic activity. 

It is a further advantage of the present invention that such compounds have a good resistance to dehy- 
dropeptidase I in vivo. 

Other objects and advantages wilt become apparent as the description proceeds. 

10 In the compounds of the present invention, where R 1 , R 2 , R 3 , R 4 , R 6 , R 7 ( R 8 , R 9 , R 10 , R 11 , R 12 , R 13 , R 14 , R 16 , 

R 16 , R 17 t R 18 , R 19 , R 20 , R 21 , R 22 or R 23 represents an alkyl group having from 1 to 6 carbon atoms, this may be 
a straight or branched chain group having from 1 to 6, preferably from 1 to 4, carbon atoms, and examples 
include the methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, t-butyl, pentyl, isopentyl, neopentyl, 2-me- 
« thylbutyl, 1 -ethyl propyl, 4-methylpentyl, 3-methylpentyl, 2-methylpentyl, 1-methylpentyl, 3,3-dimethytbutyl, 

15 2,2-dimethylbutyl, 1,1-dimemyl butyl. 1,2-dimethylbutyi, 1, 3-d imethyl butyl, 2,3-dimethylbutyl, 2-ethylbutyl, hex- 
yi and isohexyi groups. Of these, we prefer those alkyl groups having from 1 to 4 carbon atoms, preferably the 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl and t-butyl groups, and most preferably the methyl group. 

Where R° represents an alkyl group having from 1 to 6 carbon atoms, this may likewise be a straight r 
branched chain group having from 1 to 6, preferably from 1 to 4, carbon atoms, and examples include the methyl, 

20 ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, t-butyl, pentyl, isopentyi, neopentyi, 2-methytbutyl, 1-ethyl- 
propyl, 4-methylpentyl, 3-methylpentyi, 2-methylpentyl, 1-methylpentyl, 3,3-dimethylbutyl, 2,2-dimethylbutyl, 
1,1-dimethylbutyi, 1,2-dimethylbutyi, 1,3-dimethylbutyi, 2,3-dimethylbutyl, 2-ethylbutyt, hexyl and isohexyi 
groups. Of these, we prefer those alkyl groups having from 1 to 4, more preferably from 1 to 3, carbon atoms, 
preferably the methyl, ethyl, propyl, isopropyl, butyl, isobutyl and t-butyl groups, more preferably the methyl, 

25 ethyl and propyl groups, and most preferably the methyl group. 

Where R\ R 2 R 3 , R 4 , R 8 , R 7 , R 8 , R 9 , R 10 , R 12 , R 13 , R 16 , R 17 or R 18 , represents a substituted alkyl group 
having from 1 to 6 carbon atoms, this may be a straight or branched chain group, preferably a straight chain 
group, having from 1 to 6, preferably from 1 to 4, carbon atoms, and examples include the methyl, ethyl, propyl, 
isopropyl, butyl, isobutyl, sec-butyl, t-butyl, pentyl, isopentyl, neopentyl, hexyl and isohexyi groups. Of these, 

30 we prefer those alkyl groups having from 1 to 3 carbon atoms, preferably the methyl, ethyl and propyl groups, 
and most preferably the methyl and ethyl groups. The substituents may be selected from the appropriate on 
of substituents (a), (b), (c) and (d), as defined above and exemplified below. There is no particular limitation 
on the number of substituents, except such as may be imposed by the number of substitutable positions, and 
possibly by steric constraints. However, in general, from 1 to 3 substituents are preferred, a single substituent 

35 being normally most preferred. 

Where R 1 , R 2 R 8 or R 12 represents an alkenyi group having from 2 to 6 carbon atoms, this may be a straight 
or branched chain group having from 2 to 6, preferably 3 or 4, carbon atoms, and examples include the vinyl, 
allyl, 2-methylallyl, 1-propenyl, isopropenyl, 1-butenyt, 2-butenyl, 3-butenyl, 1-pentenyl t 2-pentenyl, 3-pente- 
nyl, 4-pentenyl, 1-hexenyi, 2-hexenyt, 3-hexenyl, 4-hexenyl and 5-hexenyl groups, of which the vinyl, allyl, 2- 

40 - methylailyl, 1-propenyl, isopropenyl and butenyl groups are preferred, the allyl and 2-methylallyl groups being 
most preferred. 

Where R 1 , R 2 , R 8 or R 12 represents an alkynyl group having from 2 to 6 carbon atoms, this may be a straight 
or branched chain group having from 2 to 6, preferably 3 or 4, carbon atoms, and examples include the ethynyl, 
propargyl (2-propynyi), 1-propynyi. 1-butynyi, 2-butynyl, 3-butynyl, 2-methyi-2-propynyl, 1-pentynyl, 2-penty- 
45 nyl, 3-pentynyl and 4-pentynyl groups, of which the propynyl and butynyl groups are preferred, the propargyl 
and 2-methyl-2-propynyi groups being most preferred. 

Where R 8 , R 10 , R 13 R 18 or substituent (c) represents a cycloalkyl group, this may have from 3 to 7 ring car- 
bon atoms, and examples include the cyclopropyl, cyclobutyl, cydopentyt, cydohexyl and cycioheptyi groups, 
of which the cyclopropyl, cyclobutyl and cyclopentyl groups are preferred, the cyclopropyl group being most 
so preferred. 

Where R 3 , R 4 , R 7 , substituent (a), substituent (b), substituent (c) or substituent (d) represents a halog n 
atom, this may be a fluorine, chlorine, bromine or iodine atom, more preferably a fluorine, chlorine or bromine 
atom, and most preferably a fluorine or chlorine atom. 

Where R»or R b represents an alkyl group, this may be a straight or branched chain alkyl group having from 
55a - 1 to 4 carbon atoms, and examples include the methyl, ethyl, prepy»,4sopropy4 f 4)utyl, isobutyl, sec-butyl-end 
t-butyl groups. Of these, we prefer those alkyl groups having 1 or 2 carbon atoms, most preferably the m thyi 
group. H wever R* and R b preferably both represent hydrogen atoms. Preferred groups of formula -CO.NR*R b , 
-OCO.NR*R b and -NR*R b are the amino, methyl amino, ethyiamin , propylamin , butylamin , dimethytamin , 

7 
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di thyt amino, me ttiylethyl amino, methylbutyi amino, carbamoyl, m thyl carbamoyl, thylcarbamoyl, propyl car- 
bamoyl, butytcarbamoyl, dimethylcarbam yl, diethyicarbam yl, methylethytcarbamoyl, methylbutylcarbamoyl, 
carbarn ytoxy, methyl carbamoyloxy, ethyl carbarn yl xy, propyl carbamoyioxy, butylcarbamoyloxy, dimethyl- 
carbamoyioxy, diethyicarbam yloxy, methyl ethylcarbam yloxy and methylbutylcarbam yl xy groups, of which 

5 the amino, carbamoyl and carbamoyloxy groups are preferred. 

Where R 8 and R° together represent a group of formula -(CH^s-W-^CHrV, W represents a carbon-carbon 
single bond, an oxygen atom, a sulphur atom or a group of formula >NR 22 , wherein R 22 represents a hydrogen 
atom or an alkyl group having from 1 to 6 carbon atoms, and s and t are independently 1, 2 or 3. In this case, 
R 8 and R 9 together with the nitrogen atom to which they are attached form a nitrogen-containing heterocyclic 

10 group. Preferably, where W represents a carbon-carbon single bond, (s + t) is an integer from 3 to 6, more 
preferably from 3 to 5 and most preferably 4 or 5. Where W represents an oxygen atom, a sulphur atom or a 
group of formula >N R 22 , (s + t) is preferably an in teger from 2 to 5, more preferably from 2 to 4 and most pre- 
ferably 3 or 4. Within these preferred constraints, s and t are preferably each 1 or 2. Examples of such groups 
of formula -(CHjJ.-W-tCHjX- include: " 

is -(CH2) 4 -; 
-(ch^s-; 

-{CH 2 )-0-(CH 2 ) 2 -; 

-(CH^rCKCH^; 

-{CH 2 )-S-(CH 2 ) 2 -; 

20 -(CHak-S-tCHJr: 
-(CH^NhMCHjfe-; 
-(CH^T-NH-CCHJr; 
-(CH^NMe-tCHJz-; and 
-(CHjVNMe-fCHj)^; 
25 where Me represents a methyl group. 

Where R 17 and R 18 together represent a group of formula -(CI-yq-Y-CCH^r. Y represents a carbon-carbon 
single bond, an oxygen atom, a sulphur atom or a group of formula >NR 23 , wherein R 23 represents a hydrogen 
atom or an alkyl group having from 1 to 6 carbon atoms, and g and r are independently 1 , 2 or 3. In this cas , 
R 17 and R 18 together with the nitrogen atom to which they are attached form a nitrogen-containing heterocyclic 
do group. Preferably, where Y represents a carbon-carbon single bond, (g + r) is an integer from 3 to 6, more 
preferably from 3 to 5 and most preferably 4 or 5. Where Y represents an oxygen atom, a sulphur atom or a 
group of formula >NR 23 , (g + r) is preferably an integer from 2 to 5, more preferably from 2 to 4 and most pre- 
ferably 3 or 4. Within these preferred constraints, g and r are preferably each 1 or 2. Examples of such groups 
of formula -(CH2) q -Y-(CH2) r include: 
35 -(CH^-; 

-(CH^O-CCHJz-; 
-(CH^rCMCH^zS 
-(CH^S-CCH^r; 
40 -(CHJrS^CHJr; 

-(CH^NH-tCH^; 
-(CH2)rNH-(CH2)z-; 
-(CH^NMe^CH^r; and 
-(CH^rNMe-tCHzJz-; 
45 where Me represents a methyl group. 

Where substituent (a), substituent (b), substituent (c) or substituent (d) represents an alkoxy group having 
from 1 to 6 carbon atoms, this may likewise be a straight or branched chain group having from 1 to 6, preferably 
from 1 to 4, carbon atoms, and examples include the methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, 
sec-butoxy, t-butoxy, pentyfoxy, isopentyloxy, neopentyloxy, 2-methylbutoxy, 1 -ethyl propoxy, 4-methytpenty- 
50 loxy, 3-methyl pentyfoxy, 2-methyIpentyloxy, 1 -methyl pentytoxy, 3,3-dimethylbutoxy, 2,2-dimethylbutoxy, 1 ,1-di- 
methyi butoxy, 1 ,2-dimethyl butoxy, 1,3-dimethyl butoxy, 2,3-dimethyl butoxy, 2-ethytbutoxy, hexyloxy and iso- 
hexyloxy groups. Of these, we prefer those alkoxy groups having from 1 to 3 carbon atoms, preferably the me- 
thoxy, ethoxy, prtfpoxy, isopropoxy, butoxy, isobutoxy and t-butoxy groups, more preferably the methoxy, ethoxy 
and propoxy groups, and most preferably the methoxy group. 
55* - Where substitu nt (b) represents an alkan yl group, this has-from 1 to carbon atoms, preferably frem 1 
to 4 carbon atoms, and examples include th formyl, acetyl, proptonyl, butyryl, isobutyryl, pivaloyl, valeryl, tso- 
valeryl and hexanoyl groups, of which the acetyl and propibnyt groups are more preferred, the acetyl group 
being most preferred. 
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Where substituent (b) represents an alkanoylamino group, this has from 1 to 6 carbon atoms, pref rably 
from 1 to 4 carbon atoms, and examples include the formylamino, acetyfamin , propionyiamin , butyrylamino, 
isobutyrylamino, pival yiamin .valeryiamin , isovaierylamino and hexanoylamino groups, of which the acet- 
ytamino and propionylamino groups are more preferred, the acetyl amino group being most preferred. 

Where substituent (b) represents an aikanoyioxy group, this has from 1 to 6 carbon atoms, preferably from 
1 to 4 carbon atoms, and examples include the formyloxy, acetytoxy, propionyloxy, butyryloxy, isobutyryloxy, 
pival oyloxy, valeryloxy, isovaleryloxy and hexanoytoxy groups, of which the acetyl oxy and propionyloxy groups 
are more preferred, the acetytoxy group being most preferred. 

Where substituent (b) represents an a! kylthio group having from 1 to 6 carbon atoms, this may likewise be 
a straight or branched chain group having from 1 to 6, preferably from 1 to 4, carbon atoms, and examples 
include the methylthio, ethylthio, propytthio, isopropylthio, butytthio, isobutylthio, sec-butylthio, t-butylthio, pen- 
tylthio, isopentylthlo, neopentyithio, 2-methyibutyithio, 1-ethylpropylthio, 4-methyfpentylthio, 3-methylpentylth- 
io, 2-methytpentylthio, 1-methyJpentytthio, 3,3-dimethylbutylthio, 2,2-dimethyibutylthio, 1,1-dimethylbutylthi , 
1,2-dimethylbutyithio, 1,3-dimethylbutytthio, 2,3-dimethylbutylthio, 2-ethylbutylthio, hexylthio and isohexylthto 
groups. Of these, we prefer those alkytthio groups having from 1 to 4, more preferably from 1 to 3, carbon atoms, 
preferably the methylthio, ethylthio, propytthio, isopropylthio, butylthio, isobutylthio and t-butylthio groups, more 
preferably the methylthio, ethylthio and propyithio groups, and most preferably the methylthio group. 

Where substituent (b) represents an aJkyisulphinyl group having from 1 to 6 carbon atoms, this may likewise 
be a straight or branched chain group having from 1 to 6, preferably from 1 to 4, carbon atoms, and examples 
include the methylsulphinyl, ethylsulphinyl, propyisulphinyl, isopropytsulphinyl, butylsulphinyl, iso butyl sulpho- 
nyl, sec-butytsulphinyl, t-butylsulphinyl, pentylsulphinyl, isopentylsulphinyl, neopentylsulphinyl, 2-methyl butyl- 
sulphinyl, 1-ethylpropylsulphinyl, 4-methylpentylsulphinyl, 3-methyfpentytsulphinyl, 2-methylpentylsulphinyl, 1- 
methylpentyisulphinyl, 3,3-dimethylbutylsulphinyl, 2,2-dimethyibutylsulphinyt, 1,1-dimethyibutylsulphinyl, 1,2- 
dimethylbutylsulphinyl, 1,3-dimethyibutylsulphlnyl, 2,3-dimethyibutylsulphinyt, 2-ethyl butylsulphinyl, hexylsul- 
phinyt and isohexylsulphinyl groups. Of these, we prefer those alkytsulphinyi groups having from 1 to 4, more 
preferably from 1 to 3, carbon atoms, preferably the methylsulphinyl, ethylsulphinyl, propyisulphinyl, isopropyl- 
sulphinyl, butylsulphinyl, isobutylsulphinyl and t-butylsulphinyt groups, more preferably the methylsulphinyl, 
ethylsulphinyl and propyisulphinyl groups, and most preferably the methytsulphinyl group. 

Where substituent (b) represents an alkylsufphonyl group having from 1 to 6 carbon atoms, this may like- 
wise be a straight or branched chain group having from 1 to 6, preferably from 1 to 4, carbon atoms, and ex- 
amples include the methyisulphonyl, ethylsulphonyl, propytsul phony! , isopropylsulphonyl, butyisulphonyl, iso- 
butylsulphonyl, sec-butylsulphonyl, t-butytsulphonyi, pentylsulphonyt, isopentyisulphonyl, neopentytsulphonyt, 
2-methylbutylsulphonyl, 1 -ethyl propylsulphonyl, 4-methylpentylsulphonyt, 3-methylpentylsulphonyl, 2-methyl- 
pentyl sulphonyl, 1 -methyl pentyl sulphonyl, 3, 3-d imethyl butyisulphonyl, 2,2-dimethylbutylsulphonyl, 1,1 -dime- 
thyl butyisulphonyl, 1,2-dimethylbutytsulphonyl, 1,3-dimethytbutytsulphonyl, 2,3-dimethyibutylsulphonyl, 2- 
ethylbutylsulphonyl, hexylsulphonyl and isohexyisulphonyl groups. Of these, we prefer those alkylsulphonyl 
groups having from 1 to 4, more preferably from 1 to 3, carbon atoms, preferably the methyisulphonyl, ethyl- 
sulphonyl, propylsulphonyl, isopropylsulphonyl, butyisulphonyl, isobutyisulphonyi and t-butylsulphonyl groups, 
more preferably the methyisulphonyl, ethylsulphonyl and propylsulphonyl groups, and most preferably the me- 
thyisulphonyl group. ~ ---- - 

The compounds of formula (I) have a carboxy group at the carbapenem 3-position, and the compounds 
may also contain one or more additional carboxy groups depending upon the meanings of R 3 , R 4 , R 7 , substituent 
(a), substituent (b) and substituent (d). Such carboxy groups can, of course form salts and esters, and such 
salts and esters also form part of the present invention. There is no particular restriction on the nature of thes 
salts and esters, provided that, where they are intended for therapeutic use, they are pharmaceutically accept- 
able. Where they are intended for non-therapeutic uses, e.g. as intermediates in the preparation of other, and 
possibly more active, compounds, even this restriction does not apply. In the case of the esters, we prefer, in 
general, an ester residue which is capable of hydrolysis in the mammalian body, as is well known in the art 
However, any ester residue can be used, provided that, as explained above, if the compound is intended for 
therapeutic use, it is pharmaceutically acceptable. Examples of suitable ester groups include: 

Ci - C20 alkyl groups, more preferably C t - Cq alkyl groups, such as those exemplified in relation to R 1 
etc. and higher alkyl groups as are well known in the art, such as the heptyl, octyl, nonyl, decyi, dodecyt, tridecyt, 
pentadecyl, octad cyl, nonadecyt and ioosyl groups, but most preferably the methyl, ethyl and t-butyi groups; 
C3- C7 cycioalkyi groups, for example as illustrated herein in relation to R* etc.; 
araikyi groups, in which the alkyl part is a C, - C3 alkyl group- and the-atyl partis a C e - C 14 carbocyciic 
aromatic group which may be substituted or unsubstituted and, if substituted, has at least one substituent se- 
lected from substituents (e) defined and exemplified bel w, although the unsubstituted groups are preferred; 
examples of such araikyi groups include the benzyl, phenethyi, 1-phenyiethyl, 3-phenyl propyl, 2-phenylpropyl, 
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1-naphthylmethyl, 2-naphthylm thyl, 2-(1-naphthyl)ethyl t 2-(2-naphthyl)ethyl f benzhydryl (L . diphenylme- 
thyl), triphenylmethyl, bis(o-nitrophenyl)m thyl, 9-anthryimethyl, 2,4,6-trimethylbenzyl, 4-broiTiobenzyi, 2^ 
trobenzyt, 4-nttro benzyl, 3-n'rtro benzyl, 4-methoxybenzyl and piperonyl groups; 

alkenyl groups such as thos defined and exemplified above in relation to R 1 etc., but which may be 
5 substituted or unsubstituted and, if substituted have at least one substituent selected from substituents (a) de- 
fined above; examples of the unsubstituted groups are given above in relation to R 1 etc., and preferred groups 
include the allyf, 2-chloroallyl and 2-methylallyl groups; 

halogenated C t - C e , preferably C t - C 4 , alkyl groups in which the alkyt part is as defined and exemplified 
in relation to the alkyl groups which may be represented by R 1 etc., and the halogen atom is chlorine, fluorine, 
10 bromine or iodine, such as the 2,2,2-trichloroethyl, 2-haloethyl (e.g. 2-chloroethyl, 2-fluoroethyl, 2-bromoethyl 
or 2-iodoethyl), 2,2-dibromoethyl and 2,2,2-tribromoethyl group; 

substituted sOylaJkyl groups, in which the alkyl part is as defined and exemplified in relation to the alkyl 
groups which may be represented by R 1 etc., and the sflyi group has up to 3 substituents selected from C, - 
Ce alkyl groups and phenyl groups which are unsubstituted or have at least one substituent selected from sub- 
15 stituents (e) defined and exemplified below, for example a 2-trimethylsilyiethyl group; 

phenyl groups, in which the phenyl group is unsubstituted or substituted, preferably with at least one 
CfC 4 alkyt or acylamino group, for example the phenyl, tolyi and benzamidophenyt groups; 

phenacyl groups, which may be unsubstituted or have at least one substituent selected from substituents 
(e) defined and exemplified below, for example the phenacyl group itself or the 2-bromophenacyl group; 
20 cyclic and acyclic terpenyl groups, for example the geranyt, neryl, linalyl, phytyl, menthyl (especially m- 

and j>- menthyl), thujyl, caryl, pinanyl, bornyl, notcaryl, norpinanyl, norbornyl, menthenyl, camphenyl and nor- 
bornenyl groups; 

aikoxymethyl groups, in which the alkoxy part is Ct - Ce, preferably Ct - C 4 , and may itself be substituted 
by a single unsubstituted alkoxy group, such as the methoxymethyl, ethoxymethyl, propoxymethyl, isopropox- 

25 ymethyl, butoxymethyl and methoxyethoxymethyl groups; 

aliphatic acyloxyalkyl groups, in which the acyl group is preferably an alkanoyl group and is more pre- 
ferably a C2 - C 6 alkanoyl group, and the alkyl part is a C 2 - C* and preferably C2 - C 4l alkyl group, such as 
the acetoxymethyt, propionyloxymethyl, butyryloxymethyl, isobutyrytoxymethyf, pivaloytoxymethyl, 1-prvaloy- 
loxyethyl, 1-acetoxyethyl, 1-isobutyryloxyethyl, 1-pivaloyloxypropyl, 2-methyl-l-pivaIoyloxypropyl, 2-pivaloy- 

30 loxypropyl, 1-isobutyryloxyethyl, 1-isobutyryloxypropyl, 1 -a cetoxy propyl, 1 -ace toxy-2-me thyl propyl , 1-propio- 
nyloxyethyl, 1-propionyloxypropyl, 2-acetoxypropyl and 1-butyryloxyethyl groups; 

cydoalkyl-substttuted aliphatic acyloxyalkyl groups, in which the acyl group is preferably an alkanoyl 
group and is more preferably a C? - C 6 alkanoyl group, the cycloalkyl substituent is C3 - C7, and the alkyl part 
is a C t - C 6 alkyl group, preferably a Ct - C 4 alkyl group, such as the (cyclohexylacetoxy)methyl, 1-(cyclohex- 

35 ylacetoxy)ethyl, 1-(cyclohexylacetoxy)propyl, 2-methyl-1-(cydohexylacetoxy)propyl, (cydopentylacetoxy)me- 
thyl, 1-(cydopentylacetoxy)ethyl, 1-(cyclopentylacetoxy)propyl and 2-methyl-1-(cyclopentylacetoxy)propyl, 
groups; 

alkoxycarbonyloxyalkyl groups, especially 1-(alkoxycarbonyloxy)ethyl groups, in which the alkoxy part 
is Ct - C 10 , preferably C1 - Ce, and more preferably C1 - C 4 , and the alkyl part is Ct - Ce, preferably Ct - C 4 , 

40 such as the 1-methoxycarbonyloxyethyl, 1-ethoxycarbonyloxyethyf, 1-propoxycarbonyloxyethyl, 1-isopropox- 
ycarbonyloxyethyl, 1 -butoxycarbonyloxyethyl, 1-isobutoxycarbonyloxy ethyl, 1 -sec- butoxycarbonyioxy ethyl, 1- 
t-butoxycarbonyloxyethyl, 1 -( 1 -ethyl propoxycarbonyloxyjethyl and 1-(1 ,1-dipropyi butoxycarbonyioxy )ethyl 
groups, and other alkoxy carbonyi alkyl groups, in which both the alkoxy and alkyl groups are C t - Ce, preferably 
Ct - C 4 , such as the 2-methyl-1-(isopropoxycarbonyloxy)propyl, 2-(isopropoxycarbonyloxy)propyl, isopropox- 

45 ycarbonyloxymethyl, t-butoxycarbonyloxymethyl, methoxycarbonyloxy methyl and ethoxycarbonyloxymethyi 
groups; 

cycloalkyl carbonyloxyalkyl and cydoalkyloxycarbonyloxyalkyl groups, in which the cycloalkyl group is 
C3 - C 10 , preferably C3 - Or, is mono- or poly- cyclic and is optionally substituted by at least one (and preferably 
only one) C t - C 4 alkyl group (e.g. selected from those alkyl groups exemplified above) and the alkyl group is 
so a Ct - C 8 , more preferably Ct - C 4 , alkyl group (e.g. selected from those alkyl groups exemplified above) and 
is most preferably methyl, ethyl or propyl, for example the 1-methylcyciohexylcarbonyloxymethyl, 1 -methyl cy- 
dohexytoxycarbonyloxymethyl, cyclopentyloxycarbonyloxymethyl, cydopentylcarbonyloxymethyl, 1-cyclohex- 
ytoxycarbonyloxyethyl, 1-cydohexylcarbonyloxyethyi, t-cydopentyloxycarbonyloxyethyl, 1-cydopentytcarbo- 
nyloxyethyl, 1-cydoheptyloxycarbonyloxyethyl, 1-cyd heptyicarbonyloxyethyl, 1-methytcydopentylcarbony- 
^55. loxymethyl, 1 -methyl cydopentyloxycarbonyloxy methyl, 2-methyl-tT(1-methylcydohexy1cartK)nylQxy)propyt, 1- 
(1 -methyl cydohexylcarbonyloxyjpropyl, 2-(1-methylcyd hexylcarbonyloxy)propyl f 1-(cydohexytcarbony- 
loxy)propyl, 2-(cyd hexylcarbonyloxy) propyl, 2-methyl-1 -(1 -methyl cydopentylcarbonyl xy)propyl, -me- 
thyl cydopentylcarbonyl xy)propyl,2-(1-methylcydopenty1cart>onyloxy)propyl, 1-(cyd pentytcarbonyloxy)pro- 
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pyl,2-(cyd pentytcarbonyloxy)propy1, 1-(1-methyicydopentytcarbonyloxy)ethy1 f 1-(1-methylcyclopentytcarbo- 
nyk>xy)propyf, adamantytoxycarbonyloxymethyl, adamantyflcarbonytoxymethyl, 1 -ad ama ntyl oxycarbonyl xye- 
thyl and 1 -adamantyicarbonyloxyethyl groups; 

cycioalkylalkoxycarbonyloxyalkyl groups in which the alkoxy group has a single cydoalkyl substituent, 
the cycloalkyl substituent being Qj - C 10 , preferably C3 - C7, and mono- or poly- cyclic, for example the cydo- 
propyimethoxycarbonytoxymethyl, cydobutylmethoxycarbonyloxymethyl, cydopentylmethoxycaibonyloxyme- 
ttiyl, cydohexyimethoxycarbonyloxymethyl, 1-(cydopropytmethoxycarbonyfoxy)ethyl f 1-(cydo butyl me thoxy- 
carbonyloxy)ethyf ( 1-(cydopentylmethoxycarbonyloxy)ethyl and 1-(cydohexylmethoxycarbony1oxy)ethy! 
groups; 

terpenyicarbonyloxyalkyl and terpenyloxycarbonyioxyalkyl groups, in which the terpenyi group is as ex- 
emplified above, and is preferably a cydic terpenyi group, for example the 1-(menthyloxycarbonytoxy)ethyt, It 
(menthylcarbonyloxy)ethyl, menthyloxycarbonyloxymethyl, menthylcarbonyloxymethyl, 1-(3-pinanytoxycarbo- 
nyloxy)ethyl t 1-(3-pinanylcarbonytoxy)ethyi, 3-pinanyloxycarbonyloxymethyl and 3-pinanytcarbonyloxymethyi 
groups; -■ - - . -- 

5-alkyl or 5-phenyl [which may be substituted by at least one substituent selected from substituents (e)] 
(2-oxo-1 ,S-dioxo!erv4-y1)alkyl groups in which each alkyl group (which may be the same or different) is - 
Ce, preferably - C 4 , for example the (5-methyl-2-Gxo-1,3-dloxolerv4-yl)methyf, (5-phenyl-2-oxo-1,3-dioxo- 
len-4-yl)methyl, (5-isopropyl-2-oxo-1 f 3-dioxolen-4-yl)methyi f (5-t-butyl-2-oxo-1 f 3-dioxoIen-4-yl)methyl and 1- 
(5-methyi-2-oxo-1 ,3-dk>xolen-4-yl)ethyl groups; and 

other groups, espedally groups which are easily removed in vivo such as the phthatidyl, indanyl and 2- 
oxo-4,5,6,7-tetrahydro-1 ,3-benzodioxolen-4-yl groups. 

Of the above groups, we espedally prefer those groups which can be removed easily in vivo, and most 
preferably the aliphatic acyloxyalkyt groups, alkoxycarbonyloxyaikyi groups, cydoalkyicarbonyioxyalkyl 
groups, phthalidyl groups and (5-substituted 2-oxo-1 f 3-dk>xolen-4-yl)methyl groups. 

In the case of the carboxy groups represented by R 3 , R 4 , R 7 , substituent (a), substituent (b) and substituent 
(d), preferred ester groups are the alkyl groups, i.e. the carboxy group is replaced by an alkoxycarbonyl group, 
such as a methoxycarbonyl, ethoxycarbonyl or propoxycarbonyl group. 
The substituents (e), referred to above in dude: 

Ci - C 4 alkyl groups, such as those exemplified above in relation to R* and R b ; 

Ci - C 4 alkoxy groups, such as the methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, seobutoxy 
and t-butoxy groups; 

Ci - C 4 haJoaJkyl groups, in which the alkyl part is as exemplified above in relation to R m and R b and the 
halogen atom is as exemplified above in relation to R 3 etc., such as the chloromethyl, fluoromethyl, bromome- 
thyl, iodomethyl, 2-chloroethyl, 2-fluoroethyl, 2-bromoethyl, 2-iodoethyl, trifluoromethyl, 2,2,2-trifluoroethyl, 
2,2,2-trichloroethyl, 3-fluoro propyl and 4-chlorobutyi groups; 

C, -C 3 aikylenedioxy groups, such as the methylenedioxy, ethylenedioxy, propylenedioxy and trimethy- 
lenedioxy groups; 

halogen atoms, such as those exemplified above in relation to R 3 etc.; 

cyano groups and nitro groups. 
Thus, preferred compounds of the present invention are those-compounds of formula (la): 




wherein R 1 and A are as defined above, and R 6 represents a hydrogen atom or an ester group, preferably an 
ester group capabl of hydrolysis in vivo, and more preferably an aliphatic acyfoxyalkyi group, an alkoxycar- 
bonyl xyalkyl group, a cydoalkyicarbonyioxyalkyl group, a phthalidyl group or a (5-substituted-2-oxo-1 f 3-di- 
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oxden-4-yl)methy1 group. 

In particular, we prefer that R 6 should represent a hydrogen atom, a (5-substituted 2-oxo-1,3-dioxolen-4- 
yl)methyt group, a 1-methylcydohexylcarbonyloxy methyl group, a 1-isopropoxycarbonyloxy thyl group or a 1- 
cydohexytcarbonyloxyethyl group. 

5 The compounds of the present invention can also form salts with bases. Examples of such salts indud : 

salts with an alkali metal, such as sodium, potassium or lithium; salts with an alkaline earth metal, such as ba- 
rium or caldum; salts with another metal, such as magnesium or aluminum; organic base salts, such as a salt 
with triethylamine, diisopropylamine, cydohexyiamine or dicydohexyiamine; and salts with a basic amino add, 
such as lysine or arginine. Also, where the compound of the present invention contains a basic group in its mol- 

10 ecule, it can form add addition salts. Examples of such add addition salts Indude: salts with mineral acids, 
especially hydrohalic acids (such as hydrofluoric acid, hydrobromic add, hydroiodic add or hydrochloric acid), 
nitric acid, carbonic add, sulphuric add or phosphoric add; salts with lower alkyisulphonic adds, such as me- 
thanesulphonlc add, trifluoromethanesulphonic acid or ethanesul phonic add; salts with arylsulphonic acids, 
such as benzenesulphonic add or pj-toluenesulphonic add; salts with organic carboxyiic adds, such as acetic 

15 add, fumaric add, tartaric add, oxalic acid, maleic acid, malic add, succinic add, benzoic add, mandelic add, 
ascorbic add, lactic add, gluconic add or dtric add; and salts with amino acids, such as glutamic add or as- 
partic add. 

Preferred groups and atoms which may be represented by R 1 indude: the hydrogen atom; alkyi groups 
having from 1 to 3 carbon atoms (such as the methyl, ethyl and propyl groups); substituted aJkyi groups having 
20 from 1 to 3 carbon atoms, in which the substituent is selected from substituents (a'), defined below; alkenyl 
groups having 3 or 4 carbon atoms (such as the ally! group); alkynyi groups having 3 or 4 carbon atoms (such 
as the propargyt group); and the formimidoyl and acetimidoyl groups. 

Substituents (aO are selected from hydroxy groups, carboxy groups, carbamoyl groups, carbamoyioxy 
groups, cyano groups, halogen atoms (such as fluorine atoms), alkoxy groups having from 1 to 3 carbon atoms 
25 (such as methoxy groups or ethoxy groups), amino groups, and mono- and di- alkylamino groups in which th 
or each alkyl group has from 1 to 3 carbon atoms (such as methylamino groups or dimethyiamino groups). 

In the compounds of formula (I) and (la) and pharmaceutically acceptable salts and esters thereof, where 
A represents a group of formula (A1), we prefer that n should be 2 or 3. 
Also, in this case, R 2 preferably represents: 
30 a hydrogen atom; 

an alkyl group having from 1 to 3 carbon atoms, such as a methyl, ethyl or propyl group; 
a substituted alkyl group having from 1 to 3 carbon atoms, in which the substituent is selected from sub- 
stituents (b') ( defined below, such as a substituted methyl, ethyl or propyl group; 
an alkenyl group having 3 or 4 carbon atoms (such as the allyt group); 
35 an alkynyi group having 3 or 4 carbon atoms (such as the propargyl group); or 

a group of formula -C(=NH)R 6 t 
where R* represents 
a hydrogen atom, 

an unsubstituted alkyi group having from 1 to 3 carbon atoms, such as a methyl or ethyl group, 
40 a substituted alkyi group which has from 1 to 3 carbon atoms and which is substituted by at least 

one substituent selected from halogen atoms, 

alkoxy groups having from 1 to 3 carbon atoms and cydoalkyl groups having from 3 to 6 carbon 
atoms, such as a chloromethyl group, a methoxymethyl group or a cydopropyl methyl group, or 

cydoalkyl group having from 3 to 6 ring carbon atoms, such as a cydopropyl group. 
45 Substituents (b'). as mentioned above, indude: 

hydroxy groups; 

carboxy groups; 

carbamoyl groups; 

carbamoyioxy groups; 
so cyano groups; 

sulphamoyl groups; 

ureido groups; 

sulpho groups; 

alkoxy groups having from 1 to 3 carbon atoms, such as the methoxy group; 
56 alkoxycarbonyl groups having from 2 to 4 carbon atoms, such as the methoxycarbonyl group; 

alkanoyl groups having from 2 to 4 carbon atoms, such as the acetyl group; 
alkan ylamln groups having from 2 to 4 carbon atoms, such as the acetamido group; 
alkanoytoxy groups having from 2 to 4 carbon atoms, such as the acetoxy group; 
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amino groups; 

mono- and di- alkylamin groups in which th or ach alkyl group has from 1 to 3 carbon atoms, 
such as the me thy! ami no and dimethytamino groups; 

aikytthio groups having from 1 to 3 carbon atoms, such as the methytthi group; 
5 aJkyisulphinyt groups having from 1 to 3 carbon atoms, such as the methyfsulphinyl group; 

aikylsulphonyl groups having from 1 to 3 carbon atoms, such as the methylsulphonyl group; 
mono- and dk alkyl carbamoyl groups in which the or each alkyl group has from 1 to 3 carbon 
atoms, such as the methyl carbamoyl and dimethylcarbamoyt groups; and 

mono- and di- alkylcarbamoyloxy groups in which the or each alkyl group has from 1 to 3 carbon 
10 atoms, such as the methyl carbamoyloxy and dimethyl carbamoyloxy groups. 

In addition, where A represents a group of formula (A1), R 3 and R 4 , which may be the same or different: 
from each other, each represents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms (such as 
a methyl or ethyl group), a hydroxy group, a carboxy group, a carbamoyl group or a substituted alkyl group 
- - which has from 1 to 3 carbon atoms and which is substituted by at least one substituent selected from hydroxy 
15 groups, alkoxy groups having from 1 to 3 carbon atoms, amino groups, carbamoyl groups and halogen atoms 
(such as the hydroxymethyt, me thoxym ethyl, aminomethyl, carbamoylmethyt and fluoromethyl groups). 

More preferred compounds of formula (I) and (la) and pharmaceutical^ acceptable salts and esters there- 
of, in which A represents a group of formula (A1) are those in which: 
nis2; 

20 R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyi group or an acet- 

imidoyl group; 

R 2 represents a hydrogen atom, a 2-hydroxyethyl group, a 2-carbamoytethyl group, a carboxymethyi 
group, a carbamoylmethyt group, a 2-fluoroethyl group, a formimidoyi group or an acetimidoyl group; and 

R 3 and R* are the same or different and each represents a hydrogen atom, a methyl group, a carbarn yl 
25 group, a cyano group, a carboxy group, a hydroxymethyl group, a fluoromethyl group or an aminomethyl group. 

An alternative preferred class of compounds of formula (I) and (la) and pharmaceutical^ acceptable salts 
and esters thereof, in which A represents a group of formula (A1) are those in which: 
n is 3; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyi group or an acet- 
30 imidoyt group; 

R 2 represents a hydrogen atom, a methyl group, a formimidoyi group, an acetimidoyl group, a carbox- 
ymethyi group, a carbamoylmethyl group, a 2-hydroxyethyl group or a 2-fluoroethyl group; and 

R 3 and R 4 are the same or different and each represents a hydrogen atom, a methyl group, a hydroxy 
group, an amino group, a cyano group, a carboxy group, a carbamoyl group, a carbamoyloxy group, a hydrox- 
ys ymethyl group, a fluoromethyl group or an aminomethyl group. 

A most preferred class of compounds of formula (I) and (la) and pharmaceutically acceptable salts and 
esters thereof, in which A represents a group of formula (A1) are those in which: 
n is 2; 

ri represents a hydrogen atom, a methyl group, a formimidoyi group or an acetimidoyl group; 
40 R 2 represents a hydrogen atom, a 2-hydroxyethyl group, a carboxymethyi group, a formimidoyi group 

or an acetimidoyl group; 

R3 represents a hydrogen atom; and 

R 4 represents a methyl group, a carbamoyl group, a cyano group, a hydroxymethyl group, a fluoromethyl 
group or an aminomethyl group. 
45 An alternative most preferred class of compounds of formula (I) and (la) and pharmaceutically acceptable 

salts and esters thereof, in which A represents a group of formula (A1), are those in which: 

n is 3; 

R 1 represents a hydrogen atom, a methyl group, a formimidoyi group or an acetimidoyl group; 
R 2 represents a formimidoyi group, an acetimidoyl group, a carboxymethyi group, a 2-hydroxyethyl 
so group or a 2-fluoroethyl group; and 

R 3 and R 4 are the same or different and each represents a hydrogen atom, a hydroxy group, an amino 
group or a cyano group. 

- Where A in the compound of formula (I) or (la) and pharmaceutically acceptable salts and esters thereof 
represents a group of formula (A2), d is 0 or 1 , and mis 0, 1 or 2. In this case, we prefer that R 7 should represent 
55 a hydrogen atom; 

a carboxy group; 
a carbarn yl group; 

an alkyl group having-from 1 to 3 carbon atoms, such as a methyl, ethyl r propyl group; or 
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a substituted alkyl group having from 1 to 3 carbon atoms. In which the substttuent is selected from hy- 
droxy groups, aJkoxy groups having from 1 to 3 carbon atoms (such as the methoxy or ethoxy groups), carba- 
moyl groups, carboxy groups and cyano groups, such as a substituted methyl, ethyl or propyl group. 
Where A repres nts a group of formula (A2), we als prefer that R 8 should represent 
5 a hydrogen atom; 

an alkyl group having from 1 to 3 carbon atoms, such as a methyl, ethyl or propyl group; 
a substituted alkyl group having from 1 to 3 carbon atoms, such as a substituted methyl, ethyl or propyl 
group, in which the substttuent is selected from hydroxy groups, aJkoxy groups having from 1 to 3 carbon atoms 
(such as the methoxy or ethoxy groups), carbamoyl groups, carbamoyloxy groups, carboxy groups, cyan 
10 groups, amino groups and halogen atoms (such as the fluorine and chlorine atoms); 

an alkenyl group having 3 or 4 carbon atoms (such as the allyl group); or -.- 
an alkynyt group having 3 or 4 carbon atoms (such as the propargyl group). 
In such a case, R 9 preferably represents: 
a hydrogen atom; 

15 an alkyl group having from 1 to 3 carbon atoms, such as a methyl, ethyl or propyl group; 

a substituted alkyl group having from 1 to 3 carbon atoms, such as a substituted methyl, ethyl or propyl 
group, in which the substttuent is selected from hydroxy groups, alkcxy groups having from 1 to 3 carbon atoms 
(such as the methoxy or ethoxy groups), carbamoyl groups, carbamoyloxy groups, carboxy groups, cyano 
groups, amino groups and halogen atoms (such as the fluorine and chlorine atoms); or 
20 a group of formula -C(-NH)R 10 , in which R 10 represents: 

a hydrogen atom; 

an alkyl group having from 1 to 3 carbon atoms, such as a methyl, ethyl or propyl group; 
a substituted alkyl group having from 1 to 3 carbon atoms, such as a substituted methyl, ethyl or 
propyl group, in which the substituent is selected from alkoxy groups having from 1 to 3 carbon atoms (such 
25 as the methoxy or ethoxy groups) and halogen atoms (such as the fluorine and chlorine atoms); 

a cycloalkyl group having from 3 to 6 carbon atoms, such as a cyclopropyl group or a cyctobutyl 

group; or 

an alkyl group having from 1 to 3 carbon atoms, such as a methyl or ethyl group, which is sub- 
stituted by a single cycloalkyl group having from 3 to 6 carbon atoms, such as a cyclopropyl methyl group, a 
30 cyclopropyiethyl group or a cyclobutylmethyl group. 

Alternatively, R 8 and R 9 may together represent a group of formula -(CH^s-W-tCH^-, wherein W repre- 
sents a carbon-carbon single bond, an oxygen atom, a sulphur atom or a group of formula >NR 22 , wherein R 22 
represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms (such as a methyl or ethyl group), 
s is 1, 2 or 3 and t is 2. 

35 In particular, a preferred class of compounds of the present invention in which A represents a group of for- 

mula (A2) are those compounds of formula (I) or (la), and pharmaceuticaily acceptable salts and esters thereof, 
in which: 

d is 0 or 1; 

m is 0, 1 or 2; 

40 Ri represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyi group or an acet- 

imidoyi group; 

R 7 represents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms (such as a methyl group 
or an ethyl group), a hydroxy group, an amino group, a cyano group, a halogen atom (such as a fluorine atom 
or a chlorine atom), a carboxy group, a carbamoyl group or a hydroxymethyl group; 

45 R 8 represents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms (such as a methyl group 

or an ethyl group), a fluoromethyl group, a carbamoylmethyl group, a carboxymethyt group, an alkenyl group 
having 3 or 4 carbon atoms (such as an allyl group), an alkynyl group having 3 or 4 carbon atoms (such as a 
propargyl group), a 2-haloethyi group (such as a 2-fluoroethyl group), a 2-hydroxyethyl group, a 2-alkoxyethyl 
group, in which the alkoxy part has from 1 to 3 carbon atoms (such as a 2-methoxyethyl group) or a 2-aminoethyl 

m group; 

R 9 represents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms (such as a methyl group 
or an ethyl group), a fluoromethyl group, a carbamoylmethyl group, a carboxymethyi group, a formimid yl 
group, an acetimkJoyi group, a 2-haloethyl group (such as a 2-fluoroethyl group), a 2-hydroxyethyl group, a 2- 
alkoxyethyi group, in which the alkoxy part has from 1 1 3 carbon atoms (such as a 2-methoxyethyl group) or 
ss a 2-amin ethyl group; 

or 

R 8 and R 9 together represent a group of formula 
-(CH^-, 

14 
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-(CH^CXCH^r, 
-(CH^CH^. 
-(ChyaNHCCHJa- or 
5 -(CHahNChWCHaJr. 

The most preferred class of compounds of the present invention in which A represents a group of formula 
(A2) are those compounds of formula (I) and (la) and pharmaceutical^ acceptable salts and esters thereof, in 
which: 

d is 0; 
10 m is 1 or 2; 

Ri represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyl group or an acet- 
imidoyl group; 

R 7 represents a hydrogen atom; 

R* represents a hydrogen atom, an alkyi group having from 1 to 3 carbon atoms (such as a methyl group 
is or an ethyl group), a carbamoyl methyl group, a carboxymethyl group, a 2-fluoroethyi group or a 2-hydroxyethyi 
group; and 

R9 represents a hydrogen atom, an alkyi group having from 1 to 3 carbon atoms (such as a methyl group 
or an ethyl group), a formimidoyl group, an acetimidoyl group or a 2-fluoroethyi group. 

In the case of those compounds of the present invention in which A represents a group of formula (A3), £ 
20 is 0, 1 or 2. R 7 preferably represents a hydrogen atom or an alkyi group having from 1 to 3 carbon atoms, such 
as a methyl, ethyl or propyl group. 

rii preferably represents a hydrogen atom or an alkyi group having from 1 to 3 carbon atoms, such as a 
methyl, ethyl or propyl group. 

R 12 also preferably represents: 
25 a hydrogen atom; 

an alkyi group having from 1 to 3 carbon atoms, such as a methyl, ethyl or propyl group; 
a substituted alkyi group having from 1 to 3 carbon atoms, such as a substituted methyl, ethyl or propyl 
group, in which the substituent is selected from hydroxy groups, alkoxy groups having from 1 to 3 carbon atoms 
(such as the methoxy or ethoxy groups), carbamoyl groups, carbamoyloxy groups, carboxy groups, cyano 
30 groups, amino groups and halogen atoms (such as the fluorine and chlorine atoms); 
an alkenyl group having 3 or 4 carbon atoms (such as the allyl group); 
an alkynyt group having 3 or 4 carbon atoms (such as the propargyl group) or; 
a group of formula -C(=NH)R 13 , in which R 13 represents: 
a hydrogen atom; 

35 an alkyi group having from 1 to 3 carbon atoms, such as a methyl, ethyl or propyl group; 

a substituted alkyi group having from 1 to 3 carbon atoms, such as a substituted methyl, 
ethyl or propyl group, in which the substituent is selected from alkoxy groups having from 1 to 3 carbon atoms 
(such as the methoxy or ethoxy groups) and halogen atoms (such as the fluorine and chlorine atoms); 

a cycloalkyl group having from 3 to 6 carbon atoms, such as a cydopropyl group or a cy- 

40 clobutyl group; or 

an alkyi group having from 1 to 3 carbon atoms, such as a methyl or ethyl group, which is 
substituted by a single cycloalkyl group having from 3 to 6 carbon atoms, such as a cydopropyimethyl group, 
a cydopropylethyl group or a cydobutylmethyl group. 

In particular, a preferred dass of compounds of the present invention in which A represents a group of for- 
45 mula (A3) are those compounds of formula (I) or (la), and pharmaceutical^ acceptable salts and esters thereof, 
in which: 

£is 0, 1 or 2; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyl group or an acet- 
imidoyl group; 
so R7 represents a hydrogen atom; 

rii represents a hydrogen atom or an alkyi group having from 1 to 3 carbon atoms, such as a methyl 
group or an ethyl group; and 

R12 represents a hydrogen atom, an alkyi group having from 1 to 3 carbon atoms (such as a methyl group 
or an ethyl group), a fluoromethyl group, a carbamoylmethyl group, a carboxymethyl group, an alkenyl group 
55 ^ having 3 r 4 carbon atoms (such as the allyl group), an alkynyl group having 3 or 4 carbon atoms (such as - 
the propargyl group), a formimidoyl group, an acetimidoyl group, a 2-haloethyl group (such as a 2-fluoroethyl 
group), a 2-hydroxyethyi group, a 2-alkoxyethyl group, in which the alkoxy part has from 1 to 3 carbon atoms 
(such as a 2-methoxyethyl group) or a 2-amfnoethyt group. 

15 
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The most preferred class of compounds of th present invention in which A represents a group of formula 
(A3) are those compounds of formula (I) and (la) and pharmaceutical^ acceptable salts and esters thereof, in 
which: 

£ is 1 or 2; 

5 R 1 represents a hydrogen atom, a methyl group, a f luoromethyl group, a formimkJoyl group or an acet- 

imidoyt group; 

R 7 represents a hydrogen atom; 

Rn represents a hydrogen atom or a methyl group; and 

R12 represents a hydrogen atom, an alkyi group having from 1 to 3 carbon atoms (such as a methyl group 
10 or an ethyl group), a fluoromethyi group, a carbamoyimethyl group, a carboxymethyl group, a formimid yl 
group, an acetimidoyl group, a 2-fluoroethyl group or a 2-hydroxyethyl group. u^^>. ^ 

In the case of those compounds of the present Invention in which A represents a group of formula (A4), i 
is 1 or 2. R" and R 15 , which may be the same or different, preferably each represents a hydrogen atom or an 
alkyi group having from 1 to 3 carbon atoms, such as a methyl, ethyl or propyl group. 
15 Additionally, we prefer that R 16 should represent 

a hydrogen atom; 

an alkyi group having from 1 to 3 carbon atoms, such as a methyl, ethyl or propyl group; 
a substituted alkyi group having from 1 to 3 carbon atoms, such as a substituted methyl, ethyl or propyl 
group, in which the substituent is selected from alkoxy groups having from 1 to 3 carbon atoms (such as the 
20 methoxy or ethoxy groups) and halogen atoms (such as the fluorine and chlorine atoms); 

a cydoalkyf group having from 3 to 6 carbon atoms, such as a cyciopropyi group or a cyclobutyl group; 

or 

an alkyi group having from 1 to 3 carbon atoms, such as a methyl or ethyl group, which is substituted 
by a single cydoalkyl group having from 3 to 6 carbon atoms, such as a cydopropylmethyl group, a cydopro- 
25 pylethyi group or a cydobutylmethyl group. 

In particular, a preferred dass of compounds of the present invention in which A represents a group of for- 
mula (A4) are those compounds of formula (I) or (la), in which: 
i is 1 or 2; and 

R 1 , R u , R 16 and R 16 are independently selected from hydrogen atoms and alkyi groups having from 1 
30 to 3 carbon atoms (such as the methyl group or the ethyl group, especially the methyl group). 

The most preferred dass of compounds of the present invention in which A represents a group of formula 
(A4) are those compounds of formula (I) and (la) and pharmaceutical^ acceptable salts and esters thereof, in 
which: 

[is 1; and 

35 Ri, R", R 15 and R 16 are independently selected from hydrogen atoms and methyl groups. 

In the case of those compounds of the present invention in which A represents a group of formula (A5), f> 
is 1 , 2 or 3, preferably 2. R 17 and R 16 , which may be the same or different, preferably each represents: 
a hydrogen atom; 

an alkyi group having from 1 to 3 carbon atoms, such as a methyl, ethyl or propyl group; 
40 a substituted alkyi group having from 1 to 3 carbon atoms, such as a substituted methyl, ethyl or propyl 

group, in which the substituent is selected from hydroxy groups, alkoxy groups having from 1 to 3 carbon atoms 
(such as the methoxy or ethoxy groups) and halogen atoms (such as the fluorine and chlorine atoms). 

Alternatively, R 17 and R 18 may together preferably represent a group of formula -(CH^-Y^CH^r-, wherein 
Y represents a carbon-carbon single bond, an oxygen atom or a group of formula >NR 23 , wherein R 23 represents 
45 a hydrogen atom or an alkyi group having from 1 to 3 carbon atoms (such as a methyl or ethyl group), and g 
and r are each 2 or 3. 

In particular, a preferred dass of compounds of the present Invention in which A represents a group of for- 
mula (A5) are those compounds of formula (I) or (la), and pharmaceutical^ acceptable salts and esters thereof, 
in which: 
so p_ is 2; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyi group, a formimidoyl group or an acet- 
imidoyl group; 

R 17 and R 18 are the same or different and each represents a hydrogen atom, an alkyi group having from 
1 to 3 carbon atoms (such as a methyl group or an ethyl group), a 2-haloethyl group (such as a 2-fluoroethyl 
ss . group) or a 2-hydroxyethyl group; 
or 

R 17 and R 18 together represent a group of formula 
-(CH^-. 
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^CH 2 ) 2 0(CH 2 ) z - 1 
-{CH^tCH^, 
-(CHJjNHtCHJr or 
5 -(CH 2 )2NCH 3 (CH 2 ) r . 

The most preferred class of compounds of the present invention in which A represents a group of formula 
(A5) are those compounds of formula (I) and (la) and pharmaceutical^ acceptable salts and esters thereof, in 
which: 

10 R 1 represents a hydrogen atom, a methyl group, a f luoromethyl group, a formimidoyl group or an acet- 

imidoyt group; and - — . - 

R 17 and R 18 are the same or different and each represents a hydrogen atom or a methyl group. 
In the case of those compounds of the present invention in which A represents a group of formula (A6), j 
and k are independently 1 or 2, and preferably each is 2. 
15 R 10 preferably represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms (such as a 

methyl group or an ethyl group). 

In particular, a preferred class of compounds of the present invention in which A represents a group of for- 
mula (A6) are those compounds of formula (I) or (la), and pharmaceutical^ acceptable salts and esters thereof, 
in which: 
20 I and k are both 2; 

R 1 represents a hydrogen atom, a methyl group, a f luoromethyl group, a formimidoyl group or an acet- 
imidoyi group; and 

Rio preferably represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms (such as 
a methyl group or an ethyl group). 
25 The most preferred class of compounds of the present invention in which A represents a group of formula 

(A6) are those compounds of formula (I) and (la) and pharmaceutical^ acceptable salts and esters thereof, in 
which: 

X and k are both 2; and 

R 1 and R 10 are independently selected from hydrogen atoms and methyl groups. 
30 In the case of those compounds of the present invention in which A represents a group of formula (A7), £ 

is 0, 1 or 2, and preferably 1 or 2. 

In these compounds, Z preferably represents a 1-imidazolyl group, a 1,2,4-triazol-1-yl group or a 1,2,3- 
triazol-1-yl group. 

In particular, a preferred class of compounds of the present invention in which A represents a group of for- 
35 mula (A7) are those compounds of formula (I) or (la), and pharmaceutical^ acceptable salts and esters thereof, 
in which: 

£ is 0, 1 or 2; 

R 1 represents a hydrogen atom or a methyl group; and 

Z represents a 1-imidazolyl group, a 1,2,4-triazol-1-yl group or a 1,2,3-triazoM-yl group. 
40 The most preferred class of compounds of the present invention in which A represents a group of formula 

(A7) are those compounds of formula (I) and (la) and pharmaceutical^ acceptable salts and esters thereof, in 
which: 

g is 1 or 2; 

R 1 represents a hydrogen atom or a methyl group; and 
45 Z represents a 1-imidazolyl group, a 1,2,4-triazol-1-yl group or a 1,2,3-triazoM-yl group. 

In the case of those compounds of the present invention in which A represents a group of formula (A8), _ 
and f are independently 1 or 2, and preferably each is 1. 

R 20 and R 2 \ which may be the same or different, preferably each represents a hydrogen atom or an alkyl 
group having from 1 to 3 carbon atoms, such as a methyl, ethyl or propyl group. 
so in particular, a preferred class of compounds of the present invention in which A represents a group of for- 

mula (A8) are those compounds of formula (I) or (la), and pharmaceutical^ acceptable salts and esters thereof, 
in which: 

_ and f are both 1; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formtmid yl group or an acet- 
55 imidoyl group; and 

R 20 and R 21 , which may be the same or different, each represents a hydrogen atom or an alkyl group 
having from 1 to 3 carbon atoms, such as a methyl, thyl or propyl group. 

Th most preferred class of compounds of the present inv ntion in which A represents a group of formula 

17 
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(A8) are those compounds of formula (I) and (la) and pharmac utically acceptable salts and esters thereof, in 
which: 

_ and fare both 1; 

R 1 represents a hydrogen atom or a methyl group; 
5 R 20 represents a hydrogen atom; and 

R21 represents a hydrogen atom or a methyl group. 
In the case of all of the compounds, including the preferred compounds and most preferred compounds, 
referred to above, we prefer those compounds in which R 6 represents a hydrogen atom, that is to say com- 
pounds of formula (I). 

10 The compounds of the present invention necessarily contain several asymmetric carbon atoms in their mol- 

ecules, and can thus form optical isomers. Although these are all represented herein by a single molecular for- 
mula, the present invention includes both the individual, isolated isomers and mixtures, including racemates 
thereof. Where stereos pedfic synthesis techniques are employed or optically active compounds are employed 
as starting materials, individual isomers may be prepared directly; on the other hand, if a mixture of isomers 

15 is prepared, the individual isomers may be obtained by conventional resolution techniques. 

Of the isomers, we especially prefer those in which the carbon atoms are in the same configurations as 
those of thienamycin, that is: in the R configuration at position 1, in the (5S, 6S) configuration at positions 5 
and 6, and in the R configuration at the hydroxy-substrtuted a-position of the side chain at position 6. 

Specific examples of compounds of the present invention are those compounds of formula (I), in which 

20 the various substituent groups are as defined in Tables 1 to 8. In the Tables, the following abbreviations are 



used: 




Ac 


acetyl 


Acim 


acetimidoyl 


All 


allyl 


Azp 


perhydroazepinyl 




(= homopiperazinyl) 


Azt 


azetidinyi 


Car 


carbamoyl 


Et 


ethyl 


Foim 


formimidoyl 


Imaz 


imidazolidinyl 


Imid 


imidazolyl 


Me 


methyl 


Mec 


methoxycarbonyl 


Mor 


morpholino 


Pip 


piperidyl 


Piz 


piperazinyl 


Prg 


propargyl (= 2-propynyl) 


Pyrd 


pyrrolidine 


Sam 


sulphamoyl 


Thz " 


perhydro-1 ,4-thiazin-4-yl 




(= thiomorpholino) 


Ur 


ureido 



so 



55 
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5 

Cpd. 

NO. R 1 A 
10 — — 





1-1 


Me 


X - K<C*\J 




1-2 


H 




70 


1-3 


EC 


1 -Azp 




1-4 


2 - FEC 


X *HZ^ 




1-5 


2 -HQEC 


X *AZp 


20 


1-6 


All 

Ax J. 


1 — & «7T\ 
X 


1-7 


rl 


A _ ( o - tinRf ^ -1-Azri 

*■ \ ^ uVO L. / X 




1- o 


rl 


A- /ParrH \ _ 1 -Azn 
" V VwOLXv^n^ / x 




1 - j 


XT 
£1 




25 


1 - 1U 


TJ 
XI 






1-11 


H 


4-Acim- 1-Azp 




1-17 
X X4* 


n 


4 - Foim- 1 - Azd 




1 - 1 

x - X j 




1 - Azp 


30 


1 - 1 A 
X x** 




1-Azp 




1-15 


2-CarOEt 


1-Azp 




1-16 


Me 


4- (H00C.CH 2 ) -1-Azp 


35 


1-17 


Me 


4- (CarCH 2 ) -1-Azp 


1-18 


Me 


4- (2-CarOEt) -1-Azp 




1-19 


Me 


4 -Me- 1-Azp 




1-20 


H 


4- (2-PEt) -1-Azp 


40 


1-21 


Me 


4- (2-FEt) -1-Azp 




1-22 


Me 


4- (3-sulphoPr) -1-Azp 




1-23 


Me 


4-All-l-Azp 


45 


1-24 
1-25 


Me 
Prg 


4-Et-l-Azp 
1-Azp 




1-26 


H 


4 - Prg- 1 -Azp 




1-27 


NC.CH 2 - 


1-Azp 


50 


1-28 


H 


4- (NC.CH 2 ) -1-Azp 


55 
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Table 1 (confc) 



Cpd- 
No, 



1-29 


Et 


4- (HOOC.CH 2 ) -1-Azp 


1-30 


2 - FEt 


4- (HOOC.CH^) -1-Azo 


1-31 


2-HOEt 


4- (HOOC.CH 2 ) -1-Azp 


1-32 


Car.CH^- 
2 


4- (H00C,CH 2 ) -1-Azp 


1-33 


All 


4- (HOOC.CH 2 ) -1-Azp 


1-34 


HOOC.CH-- 
2 


4- (HOOC.CH-) -1-Azp 


1-35 


H 


4- (SamCH 0 ) -1-Azp 


1-36 


2-NH 0 Et 
2 


1-Azp 


1-37 


2-NH-Et 
2 


4- (H00C.CH 2 ) -1-Azp 


1-38 


H 


4- (2-NH-Et) -1-Azp 
2 


1-39 


H 


4- [2-NH(Me)Et] -1-Azp 


1-40 


H 


4- (2-NMe-Et) -1-Azp 
2 


1-41 


H 


4- (AcCH-) -1-Azp 
2 


1-42 


H 


4- (2-AcOEt) -1-Azp 


1-43 


2-MeOEt 


1-Azp 


1-44 


H 


4- (2-MeOEt) -1-Azp 


1-45 


2-NMe 2 Et 


1-Azp 


1-46 


2-NH(Me)Et 


1-Azp 


1-47 


H 


4- (2-UrEt) -1-Azp 


1-48 


H 


4- [2-NH(Ac)EtJ -1-Azp 


1-49 


H 


4- (MecCH 2 ) -1-Azp 


1.-50 


H 


4- <MeS.CH 2 ) -1-Azp 


1-51 


H 


4- (MeSO.CH 2 ) -1-Azp 


1-52 


H 


4- (MeS0 2 .CH 2 ) -1-Azp 


1-53 


Me 


4- [ (MeCar) .CH 2 ) -1-Azp 


1-54 


Me 


4- [2- (diMeCar) BtJ -1-Azp 


1-55 


Me 


4- [2- (MeCarO)Et] -1-Azp 


1-56 


Me 


4- [2- (diMeCarO)Et] -1-Azp 
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Triple 1 (cpnt;) 



Cpd. 

No, R 1 A 



10 





1-57 


Me 


4 - Foim- 1 - Azp 




1-58 


Me 


4 - Acim- 1 - Azp 


15 


1-59 


Et 


4 - Acim- 1- Azp 


1-60 


Me 


1-Piz 




1-61 


Me 


4-Me-l-Piz 




1-62 


H 


4- (HOOC.CH-) -1-Piz 


20 


1-63 


H 


4- (CarCH 0 ) -1-Piz 




1-64 


H 


4- (2-CarOEt) -1-Piz 




1-65 


H 


4- (2-HOEt) -1-Piz 


25 


1-66 


H 


3-Me-l-Piz 




1-67 


H 


3,5-diMe-l-Piz 




1-68 


H 


2, 5-diMe-l-Piz 




1-69 


Me 


3-Me-l-Piz 


30 


1-70 


H 


4- (H00C.CH-) -3-Me-l-Piz 
2 




1-71 


H 


4- (3-sulphoPr) -1-Piz 






Mo 




35 


1-73 


Me 


3-Me-4- (H00C.CH 2 ) -1-Piz 




1-74 


H 


4 -Foim- 1-Piz 




1-75 


H 


4 -Acim- 1-Piz 


40 


1-76 


Me 


4 -Foim- 1-Piz 


1-77 


Me 


4 -Acim- 1-Piz 




1-78 


H 


3 -Me- 4- Foim- 1-Piz 




1-79 


H 


3 -Me- 4 -Acim- 1-Piz 


45 


1-80 


Me 


3,5-diMe-l-Piz 




1-81 


Me 


2,5-diMe-l-Piz 




1-82 


Et 


1-Piz 


50 


1-83 


Et 


3-Me-l-Piz 




1-84 


2-HOEt 


1-Piz 



55 
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Table 1 (cont) 



Cpd. 
No, 



1-85 

1-86 

1-87 

1-88 

1-89 

1-90 

1-91 

1-92 

1-93 

1-94 

1-95 

1-96 

1-97 

1-98 

1-99 

1-100 

1-101 

1-102 

1-103 

1-104 

1-105 

1-106 

1-107 

1-108 

1-109 

1-110 

1-111 

1-112 



2-HOEt 

H00C.CH 2 - 

HOOC.CH 2 - 

CarCH 2 - 

CarCH 2 - 

Me 

Me 

H 

Me 

2-FEt 
2-FEt 
All 
All 

2-NH 2 Et 
2-NH 2 Et 
H 

Me 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 



3-Me-l-Piz 
l-Piz 

3-Me-l-Piz 
l-Piz 

3-Me-l-Piz 

3 -Me - 4 - Foim- 1 - Piz 

3 -Me- 4 -Acini- l-Piz 

3-CH 2 F-l-Piz 

3-CH 2 F-l-Piz 

l-Piz 

3-Me-l-Piz 
l-Piz 

3-Me-l-Piz 

1- Piz 

3- Me-l-Piz 

4- <2-NH 2 Et) -l-Piz 
4- (2-NH 2 Et) -l-Piz 

2- Me-l-Piz 
2-Me-4-Foim-l-Piz 

2- Me-4-Acim-l-Piz 

2, 5 -diMe- 4 -Foim- l-Piz 
2,5-diMe-4-Acim-l-Piz 
3,5-diMe-4-Foim-l-Piz 

3 - Car- l-Piz 

2- Car-l-Piz 

3- HOOC-l-Piz 
3-HOMe-l-Piz 

3 -Car- 4 -Foim- l-Piz 
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Cpd. 
No. 



1-113 


H 


3 


-Car-4 - Acim- 1-Piz 


1-114 


H 


3 


- (MeO.CH 2 ) -4-Foim-l-Piz 


1-115 


H 


3 


- (MeO.CH 2 ) -4-Acim-l-Piz 


1-116 


H 


3 


- (NH 2 .CH 2 ) -1-Piz 


1-117 


H 


3 


- (CarCH 2 ) -1-Piz 


1-118 


H 


3 


- (CarCH 2 ) -4-Poim-l-Piz 


1-119 


H 


4 


- [Et.C(=NH) -] -1-Piz 


1-120 


H 


4 


- [CH 2 Ci-C(~NH) -] -1-Piz 


1-121 


H 


4 


- [MeO.CH 2 .C(=NH) -] -1-Piz 


1-122 


H 


4 


- [Et.C(=NH) -] -1-Azp 


1-123 


H 


4 


- [CH 2 Ca.C(«NH) -] -1-Azp 


1-124 


H 


4 


- (MeO*CH 2 .C(«NH) -] -1-Azp 


1-125 


H 


4 


- [£Pr*CH 2 .C(=NH) -] -1-Piz 


1-126 


H 


4 


- [£Pr*C(«NH) -] -1-Piz 


1-127 


H 


4 


- [£Pr.CH 2 .C(=NH) -] -1-Azp 


1-128 


H 


4 


- [£Pr.C(=NH) -] -1-Azp 


1-129 


H 


3 


-Acixn-l-Imaz 


1-130 


H 


3 


-Foim-l-Imaz 


1-131 


H 


3 


,3-diMe-l-Piz 


1-132 


H 


6 


-HO- 1-Azp 


1-133 


H 


4 


-Foim-6-HO-l-Azp 


1-134 


H 


4 


- Acim- 6 - HO- 1 - Azp 


1-135 


H 


3 


-HOMe-4-Foim-l-Piz 


1-136 


H 


3 


-HOMe- 4 -Acim- 1-Piz 


1-137 


H 


4 


-Acim- 6 - F- 1 - Azp 


1-138 


H 


4 


- Foim- 6 - F - 1 - Azp 


1-139 


H 


6 


-NH 2 -1-Azp 


1-140 


H 


3 


-CH 2 F-4 -Acim- 1-Piz 
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Table 1 (cant) 



Cpd. 
No. 



1-141 


H 


3-CH 2 F-4-Foim- 


1-Piz 


1-142 


H 


3-CN-4-Acim-l- 


Piz 


1-143 


H 


3-CN-4-Foim-l- 


Piz 


1-144 


H 


4-Foim-6-CN-l- 


Azp 


1-145 


H 


4-Acim-6-CN-l- 


Azp 


1-146 


H 


4-Foim-6-CarO- 


1-Azp 


1-147 


H 


6-CarO-l-Azp 




1-148 


Me 


3-Acim-l-Imaz 




1-149 


CH 2 F- 


4 -Acim- 1-Piz 




1-150 


CH 2 F- 


4 -Foim- 1-Piz 




1-151 


CH 2 F- 


4-Acim-l-Azp 




1-152 


CH 2 F- 


4 - Foim- 1 -Azp 




1-153 


CH 2 F- 


3 -Me- 4 -Acim- 1 - 


Piz 


1-154 


CH 2 F- 


3 -Me- 4 -Foim- 1 - 


Piz 


1-155 


CH 2 F- 


2 -Me- 4 -Acim- 1 - 


Piz 


1-156 


CH 2 F- 


2 -Me- 4 -Foim- 1- 


Piz 


1-157 


CH 2 F " 


1-Azp 




1-158 


CH 2 F_ 


6 -HO- 1 -Azp 




1-159 


O^F- 


1- Imaz 




1-160 


CH 2 F- 


3-HOMe-l-Piz 




1-161 


CH 2 F- 


1-Piz 




1-162 


Ca 2 F ~ 


3-Me-l-Piz 




1-163 


CH 2 P " 


3,3-diMe-l-Piz 




1-164 


CH 2 F- 


2-Me-l-Piz 




1-165 


CH 2 F- 


2,5-diMe-l-Piz 




1-166 


Foim 


1-Piz 




1-167 


Acim 


1-Piz 




1-168 


Foim 


4 -Foim- 1-Piz 
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Table 1 (cont) 



Cpd. 
No. 



1-169 


Foim 


4 -Acim- 1- Piz 




1-170 


Acim 


4-Foim-l-Piz 




1-171 


Acim 


4 -Acim- 1- Piz 




1-172 


Foim 


1-Azp 




1-173 


Acim 


1-Azp 




1-174 


Foim 


4 -Foim- 1-Azp 




1-175 


Foim 


4-Acim-l-Azp 




1-176 


Acim 


4-Foim- 1-Azp 




1-177 


Acim 


4-Acim-l-Azp 




1-178 


Foim 


3-Me-l-Piz 




1-179 


Foim 


2-Me-l-Piz 




1-180 


Acim 


3-Me-l-Piz 




1-181 


Acim 


2-Me-l-Piz 




1-182 


Foim 


3-HOMe-l-Piz 




1-183 


Acim 


3-HOMe-l-Piz 




1-184 


CH 2 F- 


3-HOMe-l-Piz 




1-185 


H 


2-H0Me-4-Acim- 


1-Piz 


1-186 


H 


2-H0Me-4-Foim- 


1-Piz 


1-187 


Foim 


2-H0Me-4-Foim- 


1-Piz 


1-188 


Me 


2 -Me- 4 -Acim- 1 - 


Piz 


1-189 


Me 


2 -Me- 4 -Foim- 1- 


Piz 
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Table 2 



Cpd. 



No. 


R 1 


A 


2-1 


H 


3- (Acim.NH) -1-Pyrd 


2-2 


H 


3- (FoinuNH) -1-Pyrd 


2-3 


H 


3- (Acim.NMe) -1-Pyrd 


2-4 


H 


3- (Foim.NMe) -1-Pyrd 


2-5 


H 


3 -NH (Et ) -1-Pyrd 


2-6 


H 


3 -NH (Me) -1-Pyrd 


2-7 


H 


3 -NEt 2 - 1-Pyrd 


2-8 


H 


3-NH(2-PEt) -1-Pyrd 


2-9 


H 


3 -NH-- 1-Pyrd 


2-10 


H 


3 -NMe 0 - 1-Pyrd 


2-11 


H 


3- (i-pyrd) -1-Pyrd 


2-12 


H 


3 -Mor- 1-Pyrd 


2-13 


H 


3 -Thz- 1-Pyrd 


2-14 


H 


3- [N(Acim) (2-FEt) ] -1-Pyrd 


2-15 


H 


3- [N(Foim) (2-FEt) ] -1-Pyrd 


2-16 


H 


3- [Et.C(-NH) -NH-] -1-Pyrd 


2-17 


H 


3- [C4CH 2 .C(*NH) -NH-] -1-Pyrd 


2-18 


H 


3- [MeO.CH-.C(=NH) -NH-] -1-Pyrd 


2-19 


H 


4- (Acim-NH- ) -1-Pip 


2-20 


H 


4- (Foim-NH- ) -1-Pip 


2-21 


H 


4- [Acim-N(Me) -] -1-Pip 


2-22 


H 


4- [Foim-N(Me) -] -1-Pip 


2-23 


H 


3- (Acim-NH-) -1-Pip 


2-24 


H 


3- (Foim-NH-) -1-Pip 


2-25 


H 


4- (Acim-NH-CH 2 -) -1-Pip 


2-26 


H 


4- (Foim-NH-CH 2 -) -1-Pip 


2-27 


H 


4- {Acim-NMe-CH 2 - ) -1-Pip 


2-28 


H 


4- ( Foim- NMe - CH_ - ) -1-Pip 
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Table 2 (contil 



Cpd, 
No, 



2-29 


H 


3- 


[N(Foim) (2-PEt) ] -1-Pyrd 


2-30 


H 


3- 


[N(Foim) (All) ] -1-Pyrd 


2-31 


H 


3- 


[N(Foim) (Prg) ] -1-Pyrd 


2-32 


H 


3- 


[£Pr.CH 2 .C(=NH) .NH-] -1-Pyrd 


2-33 


H 


3- 


[£Pr.C(=NH) .NH-] -1-Pyrd 


2-34 


H 


4- 


t^Pr.CH 2 •C(oNH) .NH-] -1-Pip 


2-35 


H 


4- 


[£Pr*C(-NH) .NH-] -1-Pip 


2-36 


H 


4- 


[MeO.CH 2 *C(»NH) -NH-] -1-Pip 


2-37 


Me 


3- 


NH 2 - 1-Pyrd 


2-38 


Me 


3- 


(Acim-NH- ) -1-Pyrd 


2-39 


Me 


3- 


(Foim-NH- ) -1-Pyrd 


2-40 


H 


3- 


[(CarCH 2 ) (Acim)N-] -1-Pyrd 


2-41 


H 


3- 


[(CarCH 2 ) (Foim)N-] -1-Pyrd 


2-42 


H 


3 - 


[ (2-FEt) (Acim)N-j -1-Pyrd 


2-43 


H 


3 - 


[ (2-FEt) (Poim)N-] -1-Pyrd 


2-44 


H 


3- 


[(2-HOEt) (Acim)N-] -1-Pyrd 


2-45 


H 


3- 


[(2-HOEt) (Poim)N-] -1-Pyrd 


2-46 


H 


3- 


(1-Piz) -1-Pyrd 


2-47 


H 


3- 


(4-Me-l-Piz) -1-Pyrd 


2-48 


H 


4- 


[ (2-FEt) (Acim)N-] -1-Pip 


2-49 


H 


4- 


[ (2-FEt) (Foim)N-] -1-Pip 


2-50 


H 


4- 


[(CarCH 2 ) (Foim)N-] -1-Pip 


2-51 


H 


4- 


[(2-HOEt) (Foim)N-] -1-Pip 


2-52 


H 


3- 


[ (2-FEt) (Foim)N-] -1-Pip 


2-53 


H 


3- 


[(2-HOEt) (Foim)N-] -1-Pip 


2-54 


H 


3- 


[(CarCH 2 ) (Foim)N-] -l-Pip 


2-55 


H 


3- 


NI^-l-Azt 


2-56 


H 


3- 


(Foiin-NH- ) -1-Azt 
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T&Xf} 2 (CQAt) 



Cpd. 



NO. 


R 1 




A 






2-57 


H 


3 - 


(Acim-NH- ) 


-l-Azfc 




2-58 


H 


3- 


(NH . CH ) - 

\*^A*M • W**m / 


l-Pyrd 




2-59 


H 


3- 


[ (Acim-NH- 


) CH 1-1- 


. Pyrd 


2-60 


H 


3- 


[ ( Foim-NH - 


) CH^l -1- 
' 2 


• Pyrd 


2-61 


H 


3- 


(NH^ .CH^) - 

\ y ***** / 


1-Azt 




2-62 


H 


3- 


[ (Acim-NH- 


)CH 2 ] -1- 


Azt 


2-63 


H 


3- 


[ (Foim-NH- 


)CH~] -1- 


Azt 


2-64 


Me 


3- 


NH*- 1-Azt 




2-65 


Me 


3- 


(Acim-NH- ) 


-1-Azt 




2-66 


Me 


3- 


(Foim-NH-) 


-1-Azt 




2-67 


Me 


4- 


(Acim-NH-) 


-1-Pip 




2-68 


Me 


4- 


(Foim-NH-) 


-1-Pip 




2-69 


Me 


3- 


(Acim-NH-) 


-1-Pip 




2-70 


Me 


3- 


(Foim-NH-) 


-1-Pip 




2-71 


H 


3- 


NH--4-H0-1 
2 


-Pyrd 




2-72 


Me 


3- 


NH--4-HO-1 
2 


-Pyrd 




2-73 


H 


3- 


(Acim-NH-) 


-4-HO-l- 


Pyrd 


2-74 


H 


3- 


(Foim-NH-) 


-4-HO-l- 


Pyrd 
j ^— 


2-75 


H 


4- 


NH 0 -3-HO-l 
*£ 


-Pip 




2-76 


H 


3- 


NH 2 -4-HO-l 


-Pip 




2-77 


H 


4- 


(Aclm-NH-) 


-3-HO-l- 


Pip 


2-78 


H 


4- 


(Foim-NH-) 


-3-HO-l- 


Pip 


2-79 


H 


3- 


(Acim-NH-) 


-4-HO-l- 


Pip 


2-80 


H 


4- 


(Acim-NH-) 


-2-Car-l 


-Pyrd 


2-81 


H 


4- 


(Acim-NH-) 


-2-HOMe- 


l-Pyrd 


2-82 


H 


4- 


(Acim-NH-) 


-2-Me-l- 


Pyrd 


2-83 


H 


4- 


(Acim-NH-) 


-2-CH 2 P- 


l-Pyrd 


2-84 


H 


4- 


(Acim-NH-) 


-2-CN-l- 


Pyrd 
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Cpd. 
No. 



2 


-85 


H 


4 


- (Acim-NH-) -2-CH 2 CN 


2 


-86 


H 


3 


- CarO- 4 -NMe 2 - 1- Pyrd 


2 


-87 


CH 2 P- 


3 


-NH 2 -1-Pyrd 


2 


-88 


CH 2 F- 


3 


- NH 2 - 4 - HO - 1 - Pyrd 


2 


-89 


ca 2 F- 


3 


- (Acim-NH-) -1-Pyrd 


2 


-90 


CH 2 F- 


3 


- (Foim-NH- ) -1-Pyrd 


2 


-91 


CH 2 F- 


3 


- (Acim-NH-) -1-Azt 


2 


-92 


CH 2 F- 


3 


- (Foim-NH- ) -1-Azt 


2 


-93 


CH 2 F " 


3 


-NH 2 -1-Azt 


2 


-94 


CH 2 F- 


4 


-NH 2 -1-Pip 


2 


-95 


CH 2 P " 


3 


-NH 2 -1-Pip 


2 


-96 


CH 2 F- 


3 


-NH 2 -4-H0-l-Pip 


2 


-97 


CH 2 F- 


4 


-NH 2 -3-H0-l-Pip 


2 


-98 


CH 2 F- 


3 


-NH (Me) -1-Pyrd 


2 


-99 


. Foim 


3 


-NH 2 -1-Pyrd 


2 


-100 


Acim 


3 


-NH 2 - 1-Pyrd 


2 


-101 


Foim 


3 


- (Foim-NH-) -1-Pyrd 


2 


-102 


Foim 


3 


- (Acim-NH-) -1-Pyrd 


2 


-103 


Acim 


3 


- (Foim-NH-) -1-Pyrd 


2 


-104 


Acim 


3 


- (Acim-NH-) -1-Pyrd 


2 


-105 


Foim 


3 


-NH 2 -1-Azt 


2 


-106 


Acim 


3 


-NH 2 - 1-Azt 


2 


-107 


Foim 


3 


- (Foim-NH-) -1-Azt 


2 


-108 


Foim 


3 


- (Acim-NH-) -1-Azt 


2 


-109 


Acim 


3 


- (Foim-NH-) -1-Azt 


2 


-110 


Acim 


3 


- (Acim-NH-) -1-Azt 


2 


-111 


Foim 


3 


-NH (Me) -1-Azt 


2 


-112 


Acim 


3 


-NH (Me) -1-Azt 
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Table 2 ( r.nnh \ 



Cpd. 
NO. 



2-113 


Foim 


3- 


■ (Foim-NMe) -1-Pyrd 


2-114 


Foim 


3- 


• (Acim-NMe) -l-Pyrd 


2-115 


Acim 


3- 


■ (Foim-NMe) -1-Pyrd 


2-116 


Acim 


3- 


• (Acim-NMe) -1-Pyrd 


2-117 


Foim 


4- 


(Acim-NH) -1-Pip 


2-118 


Foim 


4- 


(Foim-NH) -1-Pip 


2-119 


Acim 


4- 


(Acim-NH) -1-Pip 


2-120 


Acim 


4- 


(Foim-NH) -1-Pip 


2-121 


CH 2 F " 


4- 


(Acim-NH) -1-Pip 


2-122 


CH 2 F- 


4- 


(Foim-NH) -1-Pip 


2-123 


Foim 


4- 


NH 2 -1-Pip 


2-124 


Acim 


4- 


NH 2 - 1-Pip 


2-125 


Foim 


3- 


NH 2 - 1-Pip 


2-126 


Acim 


3- 


NH 2 - 1-Pip 


2-127 


Foim 


3- 


(Acim-NH) -1-Pip 


2-128 


Acim 


3- 


(Acim-NH) -1-Pip 


2-129 


Foim 


3- 


(Foim-NH) -1-Pip 


2-130 


Acim 


3- 


(Foim-NH) -1-Pip 
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Cpd. 
No. 



1 *1 

3-1 




-N (3 -Pyra; Me 




TT 

xi 


- nh ( l - Folm- 3 - Pyra ) 


^ - 1 


TJ 
XI 


-wxi i i-Acim-3 - Pyra) 




TJ 
Xl 


•wu" rroini- j - pyra; Me 


3 - c 


TJ 
XI 


•w( i - acuta- 3 - pyra j Me 


3 - £ 


TJ 

XI 


VTTJ / *s \ 

- rut [j- pyra ; 




TJ 

Xi 


- INxi \ X - AC xOT- 4 - r'lp ; 


3 - fl 

■9 O 


XI 


INxl i x - x? oiiu* *k - f ijp ) 




TJ 

*1 




w X w 


TJ 
n 


- Dt V X - r OXul- ** - rip/ rae 


J XX 


TJ 
xa. 


-MW M - Ar-i m-3-D-ir^ 
** xn n v x - Xlll - J - xr ip y 




TJ 
XI 


- IMxi \ x - r uilu- o - JrXp; 




TJ 
XI 


w I x - ACllu- j - JrXp; we 


3 - 1 A 
J X** 


TJ 
XI 


- IM \ X - r Ollu- J - Pip ; Me 


J 13 


TJ 

Xl 


- Nxi 11* we - o - pyra; 


3 - 16 


TT 

H 


-NH [1- (2-FEt) -3-Pyrd] 


3-17 


H 


-NH[1- (2-HOEt) -3-Pyrd] 


3-18 


H 


-NH[1- (Car.CH 2 ) -3-Pyrd] 


3-19 


H 


-NH{1- (c.Pr.C(=NH) -] -3-Pyrd} 


3-20 


H 


-NH{1- [fiPr.CHj.Ct-NH) -] -3-Pyrd} 


3-21 


H 


-NH{1- [MeO.CH 2 .C(-NH) -] -3-Pyrd} 


3-22 


H 


-NH(l-All-3-Pyrd) 


3-23 


H 


-NH(l-Prg- 3-Pyrd) 


3-24 


Me 


-NH(3-Pyrd) 


3-25 


Me 


-NH(l-Foim- 3-Pyrd) 


3-26 


Me 


-NH (1 -Ac im- 3-Pyrd) 


3-27 


H 


-NH(3-A2t) 


3-28 


H 


-NH ( 1 - Foim- 3 - Azt ) 
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Table 3 (conty 



Cpd. 
No. 



3 


-29 


H 


-NH(1 


-Acim- 3 


-Azt) 


3 


-30 


Me 


-NH(3 


-Azt) 




3 


-31 


Me 


-NH(1 


-Acim- 3 


-Azt) 


3 


-32 


Me 


-NH(1 


- Foim- 3 


-Azt) 


3 


-33 


Me 


-NH(1 


-Acim- 4 


-Pio) 

*^ tr ' 


3 


-34 


Me 


-NH(1 


- Foim- 4 


-Pio) 


3 


-35 


CH^F- 
2 


-NH ( 3 


-Pvrd) 




3 


-36 


CH 2 F- 


-NH(3 


-Azt) 




3 


-37 


Poim 


-NH(3 


-Pyrd) 




3 


-38 


Acim 


-NH(3- 


-Pyrd) 




3 


-39 


Foim 


-NH(1- 


-Foim- 3 


-Pyrd) 


3 


-40 


Foim 


-NH(1- 


-Acim- 3 


-Pyrd) 


3- 


-41 


Acim 


-NH(1- 


-Foim- 3 


-Pyrd) 


3- 


-42 


Acim 


-NH(1- 


•Acim- 3 ■ 


-Pyrd) 


3- 


-43 


Foim 


-NH(3- 


-Azt) 




3- 


-44 


Acim 


-NH(3- 


•Azt) 




3- 


■45 


Foim 


-NH(1- 


■ Foim- 3 - 


■Azt) 


3- 


•46 


Acim 


-NH(1- 


■ Foim- 3- 


■Azt) 


3- 


-47 


Acim 


-NH(1- 


Acim-3 - 


■Azt) 


3- 


48 


Foim 


-NH(1- 


Acim- 3- 


■Azt) 
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Table 4 



IN (J . 


pi 


A 


4-1 


H 




4-2 


H 


-NH-CH 2 CH 2 -NH-C(-NH) -Me 


4-3 


H 


- NH - CH 2 CH 2 - NMe - CH=NH 


4-4 


H 


-NH-CH 2 CH 2 -NMe-C(-NH) -Me 


4-5 


H 


- NMe - CH 2 CH 2 - NMe - CH-NH 


4-6 


H 


-NMe-CH 2 CH 2 -NMe-C(-NH) -Me 


4-7 


Me 


- NH- CH 2 CH 2 -NH - CH-NH 


4-8 


Me 


-NH-CH 2 CH 2 -NH-C(-NH) -Me 
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Table 5 (confl 

Cpd. 

No. Rl A 



5-11 Me 



5-12 Me 



5-15 Foim 



5-16 Foim 



5-18 Acim 



5-19 Foim 



5-20 Acim 



,NHMe 



— N 

,NMe2 



5-13 CH 2 F — N 



,NHMe 

5-14 CH 2 F — N N 



.NMej 

— N N 



,NH, 



NMej 



5-17 Acrnt — N N 



\ / 

,NH, 



NHMc 



NHMe 
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Table 6 (cont) 



Cpd. 

No. R 1 A 

NH 

6-7 Foim 



-N N 



rNH 

— N N 



y NH 

6-9 Foim p ^ 

— N N 



NH 

6-10 Acim 

-N N 



j NH 
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Tfrfrie 7 



Cpd. 
No . R 1 A 



7 


-1 


H 


3- 


(1-Imid) -1-Pyrd 








7 


-2 


H 


3- 


(1,2,4-triazol-l 


-yl) 


-l 


-Pyrd 


7 


-3 


H 


3- 


(1,2,3-triazol-l 


-yl) 


-i 


-Pyrd 


7 


-4 


H 


4- 


(l-Imid) -l-Pip 








7 


-5 


H 


4- 


(1,2,4-triazol-l 


-yl) 


-l 


-Pip 


7 


-6 


H 


4- 


(1,2,3-triazol-l 


-yl) 


-l 


-Pip 


7 


-7 


Me 


3- 


(l-lmid) -1-Pyrd 








7 


-8 


Me 


4- 


(l-Imid) -l-Pip 








7 


-9 


Me 


4- 


(1,2,4-triazol-l 


-yl) 


-l 


-Pip 


7 


-10 


Me 


3- 


(1,2,4-triazol-l 


-yl) 


-i 


-Pyrd 


7 


-11 


H 


3- 


(l-Imid) -1-Azt 








7 


-12 


H 


3- 


(1,2,4-triazol-l 


-yl) 


-l 


-Azt 


7 


-13 


H 


3- 


(l-Imid) -l-Pip 








7 


-14 


H 


3- 


(1,2,4- t riazol - 1 


-yl) 


-l 


-Pip 



38 



EP 0 518 558 A1 




39 



EP 0 518 558 A1 



Table 8 (conrt 



Cpd. 

No. R 1 A 




Of the compounds listed above, the following are preferred, that is to say Compounds No. 1-1, 1-2, 1-7, 
1-8, 1-11, 1-12. 1-20, 1-57, 1-58, 1-60, 1-62, 1-64, 1-65, 1-66, 1-68, 1-69, 1-74, 1-75, 1-76, 1-77, 1-78, 1-79, 

1- 82, 1-90, 1-102, 1-103, 1-104, 1-111, 1-132. 1-166, 1-168, 1-172, 2-1, 2-2, 2-3, 2-4, 2-9, 2-10, 2-19, 2-20, 

2- 23, 2-37, 2-38, 2-39, 2-67, 2-99, 2-102, 3-2, 3-6, 4-1, 4-2, 5-1, 6-1, 7-1, 7-2 and 8-1, and the following are 
more preferred, that is to say Compounds No. 1-1. 1-2, 1-7, 1-11, 1-12, 1-20, 1-57, 1-60, 1-65, 1-66, 1-74, 1- 
75, 1-76. 1-77. 1-78, 1-79, 1-102, 1-103, 1-104, 1-111. 1-132, 1-168, 2-1, 2-2, 2-3, 2-4, 2-9, 2-10, 2-19, 2-20, 
2-23, 2-37, 2-38, 2-39, 2-67, 2-99, 3-2, 3-6, 4-1,5-1,7-1 and 7-2. The most preferred specific compounds of 
the present invention are Compounds No.: 

1-1 . 2^2-(1-HoiTK>piperaziny!cartx>n^ 
en-2-em-3-carfooxylic acid; 

1-2. 242-(4-Carboxyirethytho!TOpipera^ pyrrolidIn-4-y1thk>]-6-(1-hydroxyethy(>-1-methyt- 
1 -carfoapen-2-em-3-carfooxylic acid; 

1-7. 2-{2-[4-(2-HydraKyethyQhomopiperazin^ 
thyt-1 -carbapen-2-em-3-carboxylic acid; 

1-11. 2-[2-(4-A<»timidoyihfimopiperazIrv1^^ 
carbapen-2-env3-carboxylic acid; 

1-12. 2-[2-{4-F rmimid y1honrK)piperazirv1-y1cart>ony!)pyrr^ 
carfoapen-2-em-3-carboxylic acid; 
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1-57. 2-P^4-Fonntmidoy1honrx>piperazir^^ 
methyt-1 -carbapen-2-env3-cartxJxyi ic acid; 

1-60. 2-[1-Methyl-(2-pipei^rv1-ytcarbonyl)py^ 
2-em-3-carboxyiic acid; 

1-65. 2^-[4^2-Hydroxyethyi)pipei^rv1-y!c 
carbapen-2-enrv3-carboxyiic acid; 

1-66. 2-P-(3-Memylpipeiran-1-ylcajbony1)pyrrolfciin^ 
2-em-3-carboxylic acid; 

1-74. 2-P-(4-FormimidoylpiperazirHl-ylcaibon^ 
bapen-2-em-3-carboxylic acid; 

1 -75. 2-P-<4-Acetimidoy1piperazin-1 -yicarbony<)pyrrolklin^ylthkD]^1-hydroxyethyl)-1 -methyi-1 -carbap- 
en-2-em-3-carboxylic acid; 

1-76. 2-P-(4-FormimidoylpiperazirM-ylcart^ 
thyi-1 -carbapen-2-em-3-carboxylic acid; 

1-77. 2-P^4-Acetimidoylpiperazirv1-yt<^ito 

1- carbapen-2-em-3-carboxylic acid; 

1-78. 2-P-(4-Formimidoyi-3-irwthy1piperazin-1-y^^ 
thyl-1 -carbapen-2-em-3-carboxy1ic acid; 

1-79. 2-P-(4-Acetimidoyl-3-metaylpiperazirHl-y»-caro^ 
thyi-1 -carbapen-2-em-3-carboxylic acid; 

1-102. 2-P-(2-Memylpiperazirv1-ylcart>onyl)p^ 

2- em-3-carboxylic acid; 

1 - 1 03. 2-P-(4-Formimidoyl-2-methytpiperazin-1 -yl-cart)onyi)pyrrolidin^yithiol^(1-hydrDxyethyl)-1 -me- 
thyi-1 -carta pen-2- em- 3-carboxyiic acid; 

1-104. 2-[2-(4-Acetimidoyl-2-methy1piperazi^^ 
thyi-1 -carbapen-2-em-3-carboxytic acid; 

1-111. 2-P-(3-HydroxymemyipiperazirHl-yl<»rbom 
carbapen-2-em-3-carboxyiic acid; 

1- 168. 2-[1-Formimidoyi-2-(4-formimidoyipiperazin-1-yicaitonyi)pyrrolidir^ 
1 -methyl- 1-carbapen-2-em-3-carboxyiic acid; 

2- 1. 2-[2-(3-Acetimidoylaminopyrrolidin-1^ 
carbapen-2-em-3-carboxy!ic acid; 

2-2. 2-P-(3-Formimidoyiajninopyrrolidin-1-yicarbom 
carbapen-2-em-3-carboxylic acid; 

2-9. 2^2-(3-Aminopyrrolidirv1-ylcarbonyt)py^ 
em-3-carboxyiic acid; 

2-19. 2-P-(4-Acetimidoylaminopiperidin-1-ylcarbortyO^ 
carbapen-2-em-3-carboxylic acid; 

2-37. 2-P-(3-Aminopyrroiidin-1 -ylrartwnylH-rnethylpyrrolidin 
carbapen-2-em-3-cart)oxylic acid; " 

2-38. 2-P-(3-AcetimidoylaminopyrrolidirM-ylcarbom 
1 -methyt- 1 -carbapen-2-em-3-carboxyi ic acid; 

2-39. 2-p-(3-Formimidoylaminopyrro!idin-1-^ 
1-methyM-caroapen-2-errv3-carboxyiic acid; 

2- 67. 2-P-(4~AcetimidoyiaminopipefWirHl-ylcar^ 
methyl- 1-carbapen-2-em-3-carboxylic acid; 

3- 2. 2-I2-(1-FormimkloylpyrroIidin-3-ylcart>an»yl)pyrrolidi 
bapen-2-em-3-carfooxytic acid; 

5-1 . 2-{2-{3-Dimethylamino-1 ,2 f 5 ( 6-tetrahydropyrazin-1-ylcart)onyl)pyrrd 
1-methyM-carbapen-2-em-3-carboxy1ic acid. 

The compounds of the present invention can be prepared by a variety of methods, whose genera! techni- 
ques are known in the art for the preparation of compounds of this type. For example, they may be prepared 
by reacting a compound of formula (II) : 
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10 



OH 




15 



20 



pn which R 24 represents a carboxy- protect! ng group, as exemplified below, and R 28 represents an alkanesut- 
phonyloxy group, an arylsulphonytoxy group, a dialkylphosphoryloxy group, a diarylphosphoryloxy group (as 
exemplified hereafter in relation to R 25 ) or a group of formula -S(-^0)R 27 , where R 27 represents an alkyl group, 
a haloalkyl group, an acetamidoalkyl group, an acetamkloalkenyi group, an aryl group, or an aromatic hetero- 
cyclic group] with a compound of formula (III) : 



25 



30 




R26 



(in which R 26 represents any of the groups or atoms represented by R 1 or any such group or atom in which any 
35 active group is protected, and A' represents any of the groups or atoms represented by A or any such group 
or atom in which any active group is protected) and then, if necessary removing any protecting group. 

In the above formulae, R 24 represents a carboxy-protecting group. Examples of such groups include: alkyl 
groups, such as the methyl, ethyl and t-butyl groups; araJkyl groups, such as the benzyl, benzhydryl idiphenyl- 
methyl), 4-nitrobenzyl and 2-nitrobenzyl groups; alkenyi groups, such as the ailyi, 2-chloroallyl and 2-methylaIlyl 
40 group; halogenated alkyl groups, such as the 2,2,2-trichloroethyl, 2,2-dibromoethyl and 2,2,2-tribromoethyl 
groups; and the 2-trimethytsilylethyl group. 

A' and R 2 * have the same meaning as defined for A and R 1 , respectively, or, if A' or R 2 * requires a protecting 
group. A' or R 26 includes such a protecting group. Examples of such protecting groups indude: normal hydroxy-, 
imino-, amino- and carboxy-protecting group; and examples include: the pj-nitrobenzyloxycarbonyl and p_-ni- 
45 troberrzyl groups. However, many such groups are well known to those skilled in the art and any group capable 
of protecting an active group in this type of compound may equally be used here. 
R27 represents: 

an alkyl group, preferably having from 1 to 4 carbon atom, such as a methyl, ethyl, propyl or isopropyl 
group; a halogenated alkyl group, preferably having from 1 to 4 carbon atom, such as a fluoromethyl, chloro- 
so methyl, fluoroethyl, chloroethyt, fluoropropyl, d (fluoromethyl, dif luoroethyl, dichtoroethyt, trifluoromethyl or tri- 
f luoroethyl group; 

an acetamidoalkyl group, such as a 2-acetamidoethyl group; 

an acetamidoalkenyl group, such as a 2-acetamid vinyl group; 

an aryl group, such as an optionally substituted phenyl or naphthyt group, which may optionally have 
55. , from on to three of the following subetituents, which may be the same or different fluorine, chlorin and bro- . 
mine atoms, methyl, ethyl, propyl, isoproyf, methoxy, ethoxy, pro poxy, isopropoxy, methoxycarbonyl, ethoxy- 
carbonyl, t-butoxycarbonyt, carbamoyl, mono- and di- alkyl carbamoyl (wherein examples of alkyl groups irv 
clud , for example, the methyl, ethyl and propyl groups), nitro, hydroxy and cyano groups; or 
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an aromatic heterocyclic group, such as an optionally substituted pyridyi or pyrimidinyl group, which may 
optionally have from on to three of the following substituents, which may be the same or different fluorine, 
chlorine and bromine atoms, methyl, ethyl, propyl and iso propyl groups. 

In more detafl, the compounds of the present invention may preferably be prepared as illustrated in the 
following Reaction Schemes A and B: 



Reaction Scheme A: 




da) 
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Reaction Scheme B; 



10 




(vn) ~ (in) 



25 



30 



35 



40 




(la) 

In the above formulae, A', R 1 , R 6 , R 24 , R 26 and R 27 are as defined above and R 25 is defined below. 
R25 represents a sulphonyl or phosphoryl group, for example: an alkanesulphonyl group, such as a me- 
thanesulphonyt, trifluoromethanesulphonyl, ethanesulphonyl, propanesulphonyi, isopropanesulphonyl or bu- 
tanesulphonyl group; an arylsulphonyi group, such as a phenytsulphonyl, tolylsulphonyl or naphthylsul phony! 
so group; a dialkyl phosphoryl group, such as a dimethylphosphoryl, diethylphosphoryl, dipropylphosphoryl, dii- 
sopropytphosphoryl, dibutyiphosphoryl or dipentylphosphoryl group; or a dtarylphosphoryl group, such as a 
diphenylphosphoryi orditolytphosphoryl group. 

In Step A1 of ReactT n Scheme A, a compound of formula (V) is prepared by reacting a compound of for- 
mula (IV) with an alkanesulphonic acid anhydride, an arylsulphonic add anhydrid , a dialkytphosph ryi halide 
55 _ or a diaryl phosphoryl halide In tte- presence f a base to produce a compound of formula (V). ----- 
Examples of reagents which may be used in this Step include: alkanesulphonic acid anhydrid s, such as 
m thanesulphonic acid anhydride, triflu romethanesulph nicackj anhydride or ethanesulphonlc acid anhydr- 
ide; anhydrous arylsulphonic add anhydrides, suoh as anhydrous benzenesulphonic acid anhydride or |>-tol- 
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uenesul phonic add anhydride; dialkylphosphoryl halkJes, such as dimethyiphosphoryl chlorid or diethytphos- 
phoryl chloride; and dlarylphosphoryl chlorides, such as diphenytphosphoryl chloride or dlphenylphosphoryi 
bromid . Of these, we especially prefer g-toluenesulphonic acid anhydride r dlphenylphosphoryi chlorid . 
The reaction Is normally and preferably effected in the presence of a solvent There is no particular re- 

5 striction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent Examples of suitable 
solvents include: halogenated hydrocarbons, especially halogenated aliphatic hydrocarbons, such as methy- 
lene chloride, 1,2-dichloroethane or chloroform; nitrites, such as acetonitrile; and amides, especially fatty acid 
amides, such as N,j^imethytformamide or N, N-dimethylacetamkJe. 

10 There is likewise no particular limitation on the nature of the base used for the reaction, provided that it 

has no adverse effect on other parts of the molecule, especially the p-lactam ring. Preferred examples of such 
bases include: organic bases, especially tertiary amines, such as triethyiamine, diisopropylethylamine or 4- 
dimethytaminopyridine. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperatur is 

15 not critical to the present invention. In general, we find it convenient to carry out the reaction at a relatively low 
temperature in order to control side reactions, for example at a temperature of from -20°C to about 40°C. The 
time required for the reaction may also vary widely, depending on many factors, notably the reaction temper- 
ature and the nature of the reagents and solvent employed. However, provided that the reaction is effected 
under the preferred conditions outlined above, a period of from 10 minutes to 5 hours will usually suffice. 

20 The reaction mixture thus obtained can be treated, in Step A2 of the Reaction Scheme, with a compound 

of formula (III) in the presence of a base and without any intermediate isolation or purification of the compound 
of formula (V). There is no particular limitation on the nature of the base used for this step and preferred ex- 
amples include: organic bases, especially tertiary amines, such as triethyiamine or diisopropylethylamine; and 
inorganic bases, such as potassium carbonate or sodium carbonate. 

25 The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 

not critical to the present invention. In general, we find it convenient to carry out the reaction at a temperature 
of from -20°C to room temperature. The time required for the reaction may also vary widely, depending on many 
factors, notably the reaction temperature and the nature of the reagents and solvent employed. However, pro- 
vided that the reaction is effected under the preferred conditions outlined above, a period of from 30 minutes 

30 to 1 08 hours will usually suffice. 

After completion of the reaction, the desired compound of formula (VI) can be recovered from the reaction 
mixture by conventional means. An example of one such technique comprises: concentrating the reaction mix- 
ture by distilling off the solvent, preferably under reduced pressure; adding a water-immiscible organic solvent 
to the residue; washing the organic phase with water; and finally distilling off the organic solvent If necessary, 

35 the desired compound thus obtained can be further purified by conventional means, for example, by recrys- 
tailisation, reprecipitation or the various chromatography techniques, notably column chromatography or prep- 
arative thin layer chromatography. Alternatively, if desired, the reaction mixture obtained in this Step can also 
be used as a starting material for subsequent Steps without isolation of the compound of formula (VI). 

In Step A3, if necessary, the compound of formula (VI) obtained in Step A2 can be converted to a free car- 

40 boxylic acid derivative by eliminating the carboxy-protecting group represented by R 24 according to conven- 
tional means. The reaction used to remove the protecting group represented by R 24 will, of course, vary de- 
pending upon the nature of the protecting group, but any reaction known in the art for the deprotection of com- 
pounds of this type may equally be used here. 

For example, where the substituent on the compound of formula (VI) represented by R 24 is a protecting 

45 group capable of removal by reduction, for example, a halogenated alkyl, aralkyl or benzhydryi group, the re- 
action can preferably be carried out by contacting the compound of formula (VI) with a reducing reagent Pre- 
ferred examples of reducing reagents which may be used for this reaction include: where the carboxy-protecting 
is, for example, a halogenated alkyl group (such as a 2,2-dibromoethyl or 2,2,2-trfchloroethyl group), zinc and 
acetic acid; and where it is, for example, an aralkyl group (such as a benzyl, 4-nitrobenzyl group or a benzhydryi 

so group), hydrogen and a catalyst for use in catalytic reduction, such as palladium on charcoal or an alkali metal 
sulphide, such as sodium sulphide or potassium sulphide. The reaction is normally and preferably effected in 
the presence of a solvent There is no particular restriction on the nature of the solvent to be employed, provided 
that it has no adverse effect on the reaction or on the reagents involved and that it can dissolve the reagents, 
at least to some extent Examples of suitable solvents include: alcohols, such as methanol or ethanol; ethers, 
• such as tetrahydrafuran or dioxanet aliphatic acids, such as acetic acid; and mixtures of water with one or more 
of these organic solvents. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
n t critical to the present invention. In general, we find it convenient to carry out the reaction at a temperature 
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of from 0°C to about room temperature. The time required for the reaction may also vary widely, depending on 
many factors, notably the reaction temperature and th nature of the reagents and solvent employed. However, 
provided that the reaction is effected under the preferred conditions outlined above, a period of from 5 minutes 
to 12 hours wQI usually suffice. 
5 After completion of the reaction, the desired compound can be recovered from the reaction mixture by con- 

ventional means. An example of one such technique comprises: filtering off insoluble materials deposited in 
the reaction mixture and distilling off the solvent from the filtrate. 

The compound thus obtained can, if necessary, be further purified by conventional means, for example, 
by recrystallisation, or the various chromatography techniques, notably column chromatography or preparative 
10 thin layer chromatography. 

If necessary, the carboxy group deprotected as described above can be converted to an ester group car , . 
pable of hydrolyzing in vivo and the ester compound can be purified as a pharmacologically acceptable salt 
by conventional means. 

When A' or R 28 contains a hydroxy-, imino-, amino- or carboxy- protecting group (for example, a g-nitro- 
15 benzyloxycarbonyl group or a j>nitrobenzyl group), the protecting group can be removed at the same time as 
the aforementioned removal of the carboxy-protecting group (when R 24 is a j>-nitrobenzyl group.). 

Alternatively compounds of formula (la) can also be prepared by Reaction Scheme B, as shown above. 
The compound of formula (VII) used as a starting compound in this reaction scheme is disclosed, for ex- 
ample, in Japanese Patent Kokai Publication No. Sho 62-30781. 
20 In Step B1 of this Reaction Scheme, a compound of formula (VI) is prepared by reacting the compound of 

formula (VII) with a mercaptan of formula (III) in the presence of a base. The reaction is also normally and pre- 
ferably effected in the presence of a solvent There is no particular restriction on the nature of the solvent to 
be employed, provided that it has no adverse effect on the reaction or on the reagents involved and that it can 
dissolve the reagents, at least to some extent Examples of suitable solvents include: esters, such as ethyl acet- 
25 ate; ethers, such as tetrahydrofuran; nitriles, such as acetonttrile; amides, especially fatty acid amides, such 
as N,N-dimethytformamide; sulphoxides, such as dimethyl sulphoxide; water; and mixtures of any two or more 
of these solvents. There is also no particular limitation on the nature of the base employed for the reaction, 
provided that it has no adverse effect on other parts of the molecule, especially the p-lactam ring. Examples 
of such bases include: organic bases, especially tertiary amines, such as diiso propyl ethylamine, triethyiamine, 
30 N-methylpiperidine or 4-di methyl amino pyridine; and inorganic bases, especially alkali metal carbonates and 
hydrogencarbonates, such as potassium carbonate or sodium hydrogen carbonate. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the present invention. In general, we find it convenient to carry out the reaction at a relatively low 
temperature in order to reduce side reactions, for example at a temperature of from -20°C to 40°C. The time 
35 required for the reaction may also vary widely, depending on many factors, notably the reaction temperature 
and the nature of the reagents and solvent employed. However, provided that the reaction is effected under 
the preferred conditions outlined above, a period of from 15 minutes to 75 hours wDI usually suffice. 

After completion of the reaction, the desired compound of formula (VI) of the reaction can be recovered 
from the reaction mixture by conventional means. 
40 Compounds of formula (la) can then be prepared from this compound of formula (VI) by removing the pro- 

tecting groups which may be present in the groups represented by A' and R 26 as described in Reaction Schem 
A if any, and by removing any other protecting group or, if necessary, by converting a deprotected carboxy 
group to an ester group capable of hydrolyzing in vivo. 

Compounds of formula (la) prepared as described above can be converted to a pharmacologically accept- 
45 able salt using procedures and techniques well known in the field of p-lactam antibiotics. 

The mercaptan of formula (III) used as a starting material in both of the above Reaction Schemes can b 
prepared following the procedure described in Japanese Patent Kokai Application No. Hei 2-28180 and No. 
Hei 2-3687, and Japanese Patent Application No. Hei 3-27059 and No. Hei 3-131545. 

The compounds of the present invention exhibit excellent antibacterial activity with a broad antibacterial 
so spectrum, and have the ability to inhibit the activity of p-Jactamase, unlike most thienamycirvtype compounds, 
which are liable to be metabolised in the mammalian body. The derivatives of the present invention, in addition, 
exhibit excellent stability against dehydropeptidase 1, which is also known to catalyze the inactivation of com- 
pounds of the thienamycin type. The derivatives of the present Invention showed a strong antibacterial activity 
against a wide range of pathogenic bacteria including Gram-positive bacteria such as Staphylococcus aureus . 
- ss : . . and Bacillus subtilis. Gram-negative bacteria such as Escherichia coll. Shigella species, Streptococcus pneu- 
moniae Proteus species, Serratia species, Enterobacter species, Klebsiella species and Pseudomonas spe- 
cies, and anaerobic bacteria such as Bacteroides frag Pis . 

The antibacterial activity was determined by the agar plate dilution method, and th minimal inhibitory corv 



46 



EP 0 518 558 A1 



ce titrations of th compounds of th present invention against a vari ty of common pathogenic bacteria were 
determined. The compounds of the present invention are identified by reference to the one of the following Ex- 
amples which Illustrates their preparation. The compounds of Examples 1, 4, 5, 6, 11, 15, 23, 37, 42, 43, 44, 
45, 50, 54, 55, 61 and 66 were all found to be more active than imipenem against strains of Escherichia coil 
5 NIHJ, Klebsiella pneumoniae 846 and Pseudomonas aeruginosa 1 001 . The compounds also had a generally 
superior activity against Staphylococcus aureus 209P, similar to that of imipenem. 

These results demonstrate that the compounds of the present invention have activities which are, in gen- 
eral, better than that of imipenem: moreover, they are, unlike imipenem, resistant to dehydropeptidase I and 
^-lactamase. 

10 The carbapenem-3-carboxylic acid derivatives of the present invention, therefore, are useful as therapeutic 

agents for the treatment and prophylaxis of infections caused by these pathogenic bacteria. The compounds 
may be administered in any conventional form for this purpose, and the exact formulation used will depend on 
the disease to be treated, the age and condition of the patient and other factors, which are well known in the 
art For example, for oral administration, the compounds may be formulated as tablets, capsules, granules, 

15 powders or syrups; and for parenteral administration, they may be formulated for intravenous injection or in- 
tramuscular injection. The dosage will vary widely, depending upon the age, body weight, symptoms and con- 
dition of the patient, as well as the mode of administration and times and routine of administration; however, 
for an adult human patient, a daily dosage of from about 100 mg to 3000 mg is recommended, and this may 
be administered as a single dose or in divided doses. 

20 In the following Examples and Preparations, unless otherwise indicated, nuclear magnetic resonance 

spectrum measurements in deuterium oxide were carried out using tetramethyisilane as an external standard 
and those in other solvents were carried out using tetramethyisilane as an internal standard. Also, in meas- 
urement of partical sizes, the mesh sizes used are in accordance with the Tyler standard. 

25 EXAMPLE 1 

(1 R,5S,6S)-2-[(2S,4S)-2-(4-Acetimidoylpiperazin-1 -yl-carbonyl)pyrrolldin-4-ylthio]-6-[(1 R)-1-hydroxyethyl}-1- 
methyl-1-carbapen-2-env3-carboxytic acid 
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1(a) 4-Nitrobenzyl [(1R,5S,6S)-2-[(2S,4S)-2-[4-(N-4-nitroben 
40 ny1]-H4-nitropenzy1oxyrart)onyO^ 
carboxyiate 

127 ul of diphenyf phosphoryl chloride and 108 ui of diisopropytethytamine were added dropwise, whilst 
ice-cooling, to a solution of 210 mg of 4-nitrobenzyl (1 R,5R F 6S)-6-[(1^1-hydroxyethyl]-1-methyl-2-oxo-1-car- 

45 bapenam-3-carboxylate in 2.6 ml of dry acetonitrile, and the resulting mixture was stirred at the same temper- 
ature for 1 hour. At the end of this time, a solution of 450 mg of (2^4S)-4-mercapto-2-[4-(N-4-nltroben 
<xirt>onylacetimidoy1)piperazin- trifluoromethanesul- 
phonate (prepared as described in Preparation 1) in 2.4 ml of dry acetonitrile and 274 uf of diisopropytethyla- 
mine were simultaneously added dropwise to the mixture, whilst ice-cooling, and the mixture was allowed to 

so stand overnight at the same temperature. The reaction mixture was then concentrated by evaporation under 
reduced pressure, and the concentrate was diluted with ethyl acetate. The diluted solution was washed, in turn, 
with water and with an aqueous solution of sodium chloride, after which it was dried over anhydrous magnesium 
sulphate. Th solvent was then removed by distillation under reduced pressure, and the resulting residue was 
purified by column chromatography through 100 ml of sflica gel 60 (Merck Art N . 9385), using a 10 : 5 : 2 by 

55 volume mixture of ethyl acetatermethylene chloride and methanol as the eluent Those fractions containing 
th title compound were combined and concentrated by evaporation under reduced pressure, to giv 120 mg 
of th tit! compound, as an amorphous solid. 

Infrared Absorption Spectrum (KBr), crrr 1 : 
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1772, 1709, 1663, 1607, 1562, 1521, 1495, 1431. 1405, 1346, 1291, 1261. 1210. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 6 ppm: 
1.27 & 1.28 (together 3H, two doublets, J = 7.33 & 6.84 Hz); 
1.37 (3H, doublet, J = 5.86 Hz); 
1.60 (1H, broad singlet); 
1.86 - 2.08 (1H, multiplet); 
2.26 & 2.31 (together 3H, two singlets); 
2.60-2.78 (1H, multiplet); 
3.25 - 4.28 (15H, multiplet); 
4.65-4.80 (1H, multiplet); 
5.04 - 5.52 (6H, multiplet); 
7.41 - 7.67 (6H, multiplet); 
8.17-8.24 (6H, multiplet). 

1 (b) (1 R,5S,6S)-2^(2S,4SV2-(4-Acetimidoylpipera R>*1-hydroxye- 
thyll-1-methyl-1-carbapen-2-em-3-carboxylic acid 

114 mg of 4-nitrobenzyl (1F^5^6S)-2-[(2S,4S)-2-[4-(N-4-nitro 
y1-carbonyf^1-(4-nitrobenz^^ 

3-carboxytate [prepared as described in step (a) above] were dissolved in 6 ml of a 2 : 1 by volume mixture of 
tetrahydrofuran and water, and were hydrogenated by bubbling hydrogen through it at room temperature for 2 
hours in the presence of 300 mg of 10% w/w palladium-on-charcoal. At the end of this time, the catalyst was 
filtered off and the filtrate was washed with diethyl ether. The resulting solution was concentrated by evapor- 
ation under reduced pressure, and the residue was purified by reverse phase column chromatography through 
5 ml of Cosmo Sil 75C 18 -PREP (a trade mark for a product of Nacalai Tesque), using 20% v/v aqueous methanol 
as the eluent Those fractions containing the title compound were combined, concentrated by evaporation under 
reduced pressure, and lyophilised, to give 13 mg of the title compound as a powder. 
Ultraviolet absorption spectrum (H 2 0) U nm: 
300. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1753, 1603, 1447, 1385, 1284, 1251. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0, using sodium tetradeuterated trimethy Is ilyl pro- 
pionate as an internal standard), 6 ppm: 



1.22 (3H, doublet J = 6.84 Hz); 
1.30 (3H, doublet J = 6.35 Hz); 
1.58-1.68 (1H, multiplet); 
2.36 (3H, singlet); 
2.66 - 2.78 (1H, multiplet); 
3.02 - 3.18 (2H, multiplet); 
3.34 - 3.45 (2H, multiplet); 
3.65 - 3.93 (9H, multiplet); 
4.10 (1H, triplet J = 8.06 Hz); 
4.19 - 4.30 (2H, multiplet). 



(1R.5S,6S)-2-[(2S,4S)-2-(4-Acetimidoylhomop^ 
my!V1-methyl-1-carbapen-2-em-3-carboxylic acid 



EXAMPLE 2 




O 



COOH H 
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CH 3 
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2(a) 4-Nttrobenzyl (1R,5S,6S)-2-[(2S,4S)-2-[4-(N-4-nitrobenz^ yl)homopiperazin-1-y»- 
cartx>nyll-1-(4-nitrobenzyloxycart)onyf)pyrrolidin-4-y1-thl >6-[(1 R>» 1 -hydroxyethyl}- 1 -methyl- 1 -carbapen-2- 
em-3-carboxylate 

82 til of diphenylphosphoryi chloride and 70 \jl2 of diiso propyl ethyl amine were added dropwise, whilst ice- 
cooling, to a solution of 136 mg of 4-nitrobenzyl (1^5^6S)-6-[(1^1-hydroxyethyl}-1-methyl-2-oxo-1-carba- 
penam-3-carboxyiate in 1 .7 ml of dry acetonitrfle, and the resulting mixture was stirred at the same temperature 
for 1 hour. At the end of this time, a solution of 296 mg of (2S,4S)-4-merc»pto~2-{4-(rf4-nitro 
ny1acetimidoyl)homopiperazin-1-yl-carbonyfH-^^ trifluoromethanesul- 
phonate (prepared as described in Preparation 2) in 1.5 ml of dry acetonitrile and 179 \t£ of diisopropytethyla- 
mine were simultaneously added dropwise to the mixture, whilst ice-cooling, and the mixture thus obtained was 
stirred at the same temperature for 3 hours. The reaction mixture was then concentrated by evaporation under 
reduced pressure, and the resulting residue was worked up and purified in the same manner as described in 
Example 1(a), to give 148 mg of the title compound, as a powder. 

Infrared Absorption Spectrum (KBr), v^, cnrr 1 : 

1773, 1709, 1657, 1607, 1561, 1521, 1496, 1429, 1405, 1346, 1305, 1278, 1210. 

Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 5 ppm: 

1 .27 (3H, doublet J = 7.33 Hz); 
1.37 (3H, doublet J = 6.35 Hz); 
1.42- 2.20 (4H, multiplet); 

1.28 & 2.39 (together 3H, two singlets); 
2.60-2.79 (1H, multiplet); 

3.25 - 4.35 (15H, multiplet); 
4.62-4.83 (1H, multiplet); 
5.05 - 5.52 (6H, multiplet); 
7.42 - 7.67 (6H, multiplet); 
8.1 5 - 8.24 (6H, multiplet). 

2(b) (1R t 5S,6S)-2-[(2S t 4S)-2-(4-Acetimidoylhomopiperazin-1-ylcart)onyl)pyrrolid 
droxyethyl}-1-methyl-1-carbapen-2-em-3-carboxylic acid 

144 mg of 4-nitrobenzyl (1 R,5S,6S)-2-[(2S f 4^2-[4-(N^-nitrobenzyloxy 
zin-1-y1carbonylH-(4-nitrobenzy1c^ 

2-em-3-carboxy1ate [prepared as described in step (a) above] were dissolved in 7.5 ml of a 2 : 1 by volume 
mixture of tetrahydrofuran and water, and were hydrogenated by bubbling hydrogen through the solution at 
room temperature for 1.5 hours in the presence of 375 mg of 10% w/w palladium-on-charcoal. At the end of 
this time, the reaction mixture was worked up and purified by the same procedure as described in Example 
1(b), to give 24 mg of the title compound as a powder. 
Ultraviolet absorption spectrum (H 2 0) nm: 
298. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1754, 1597, 1450, 1383, 1288, 1259. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 O f using tetradeuterated sodium trimethylsflyl pro- 
pionate as an internal standard). 6 ppm: 

1.22 (3H, doublet J = 6.84 Hz); 

1.30 (3H, doublet J = 6.35 Hz); 
1.38-1.63 (1H, multiplet); 
1.85 - 2.04 (2H, multiplet); 

2.31 & 2.36 (together 3H, two singlets); 
2.67-2.82 (1H. multiplet); 

3.03 - 3.18 (2H, multiplet); 
3.34 - 3.47 (2H, multiplet); 
3.64 - 3.96 (9H, multiplet); 
4.09 (1H, triplet J = 8.06 Hz); 
4.19 - 4.30 (2H, muttiplet). 
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EXAMPLE 3 

(1R,5S,6S)-2-[(2S,4S)-2-t(3S)-4-Acetimklo^ 
hydroxyethyl]-1-methyt-1-carbapen-2-em-3-cart)oxyllc acid. 



10 




15 3(a) 4-Nitrobenzyl (1 R.5S,6S)-2-[(2S,4SV2-[(3S)-4-(N-4-nitrobenzyfoxy 
zin-1-ylcart>ony1l-1-(4-nitrobenzyloxycar^ 
en-2-em-3-carboxylate 

85 \xt of diphenytphosphoryl chloride and 72 \xt of diisopropylethylamine were added dropwise, whilst ice- 
20 cooling, to a solution of 140 mg of 4-nitrobenzyi (1 R,5R,6S)-6-[(1 R)-1-hydroxyethyl]-1-methyl-2-oxo-1-carba- 
penanrv3-carboxytate in 1 .8 ml of dry acetonitrfle, and the resulting mixture was stirred at the same temperature 
for 1 hour. A solution of 290 mg of (2^4S)-4~mercapto-2-[(3S)-4-(N-4-nitro^ 

methy1pipei^n-1-yicart>onyl]-1-(4-nitrobenz^ trrfluoromethanesulphonate (prepared 

as described in Preparation 3) in 1.6 ml of dry acetonitrile and 182 of diisopropylethytamine were simulta- 
25 neously added dropwise to the mixture, whilst ice-cooling, and the mixture thus obtained was allowed to stand 
overnight at the same temperature. At the end of this time, the reaction mixture was worked up and purified 
by the same procedure as described in Example 1(a), to give 118 mg of the title compound, as a powder. 

3(b) (1 R,5S,6S)-2-[(2S,4S)-2-[(3SH-Ace^ R)- 
30 1-hydroxyethyl]-1-methyl-1-cart)apen-2-em-3-carboxylic acid 

85 mg of 4-nitrobenzyl (1f^5^6S)-2-[(2S,4S)-2-[(3S)-4-(N-4-ri 
thyi piperazin- 1 -ylcarbonyl}- 1 -(4-nHrobenzy)oxycaitx>ny0pyrrolidirH4-ylthio}-64(1 R>- 1 -hydroxy ethyl]- 1 -methyl- 1 - 
carbapen-2-em-3-carboxylate [prepared as described in step (a) above] were dissolved in 4.1 ml of a 2 : 1 by 
35 volume mixture of tetrahydrofuran and water, and were hydrogenated by bubbling hydrogen through the solu- 
tion at room temperature for 2 hours in the presence of 210 mg of 10% w/w palladium-on-charcoal. At the end 
of this time, the reaction mixture was worked up and purified by the same procedure as described in Exmaple 
1(b), to give 14 mg of the title compound as a powder. 
Ultraviolet absorption spectrum (H 2 0) ^ nm: 
AO 299. - 

Infrared Absorption Spectrum (KBr), Vmu cnr 1 : 

1755, 1642, 1607, 1448, 1385, 1283, 1249. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D2O, using tetradeuterated sodium trimethylsflylpro- 
pionate as an internal standard), 6 ppm: 
45 1 .20 - 1 .35 (9H, multiplet); 

1.51-1.72 (1H, multiplet); 
2.34 (3H, broad singlet); 
2.66 - 2.86 (1H, multiplet); 
3.02 - 3.20 (2H, multiplet); 
50 3.25 - 3.47 (2H, multiplet); 

3.48 - 4.38 (1 1 H, multiplet). 
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EXAMPLE 4 

(IR.SS.SS^-Has^K^Formimidoylplperazifvl-ylcarb nyl)pyrrolidin-^y<thioK6-C(1R)-1-hydroxyethyll-1- 
methyl-1-carbapen-2-em-3-carboxy1ic acid 




4(a) 4-Nitrobenzyl (1 R,5S,6SV2-{2-[4-(N-4-nitrobenzyloxycartx>nytf^ 
nifrobenzyloxycaroonyQpyrrolidirv^ylmio^ 

98 \x£ of diphenylphosphoryt chloride and 84 jil of diisopropytethyl amine were added dropwise, whilst ice- 
cooling, to a solution of 162 mg of 4-nitrobenzyl (1^5R,6S)-6-[(1R)-1-hydroxyethy1>1-methyl-2-oxo-1-carba- 
penam-3-carboxyiate in 2 ml of dry acetonitrOe, and the resulting mixture was stirred at the same temperature 
for 1 hour. A solution of 337 mg of (2S,4S)-4-mercapto-2-[4-(N-4-nitro 

1-ytc^rt>onyiJ-1-(4-nitrobenzyloxycarbony1)pyrrolidine trifluoromethanesulphonate [prepared as described in 
Preparation 4(2)] in 1.8 ml of dry acetonitrile and 212 \i£ of diisopropylethyiamine were then simultaneously 
added dropwise to the mixture, whilst ice-cooling, and the mixture was allowed to stand overnight at the same 
temperature. The reaction mixture was then worked up and purified by the same procedure as described in 
Example 1(a), to give 110 mg of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), crrr 1 : 

1774, 1709, 1660, 1604, 1520, 1345. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 6 ppm: 

1.26 & 1.28 (together 3H, two doublets, J = 7.3 Hz); 

1.36 (3H, doublet, J = 6.4 Hz); 

1.80- 2.10 (1H, multiplet); 

2.60 - 2.80 (1H, multiplet); 

3.25 - 4.30 (15H, multiplet); 

4.70 - 4.85 (1H, multiplet); 

5.15- 5.53 (6H, multiplet); 

7.40 - 7.70 (6H ( multiplet); 

8.15- 8.26 (6H. multiplet); 

8.48 & 8.53 (together 1 H, two singlets). 

4(b) (1 R,5S,6S)-2-C(2S,4S)-2-(4-Fonnimidoylpiperazin-1-ylcart>onyl)pyrroiidi R)- 1- hydroxy e- 

thyl}- 1 -methyl- 1 -cait)aperh2-em-3-carboxylic acid 

98 mg of 4-nitrobenzyl (1R,5S^6S>2-{2-[4-(N-4-nitrobenzyloxycaroonylformimidoyl)pip 
ny1]-l-(4-nitrobenzytoxycajt>ony1)pyrr^ 

boxylate [prepared as described in step (a) above] were dissolved in 5 ml of a 2 : 1 by volume mixture of tet- 
rahydrofuran and water, and were hydrogenated by bubbling hydrogen through it at room temperature for 2 
hours in the presence of 250 mg of 1 0% w/w pailadiumon-charooal. At the end of this time, the reaction mixture 
was worked up and purified by the same procedure as described in Example 1(b), to give 12 mg of the title 
compound as a powder. 

Ultraviolet absorption spectrum (H 2 0) Kmx nm: 
299. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1756. 1711, 1647, 1589, 1448, 1383. 1248. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0, using tetradeuterated sodium trimethylsflylpro- „ 
pionate as an internal standard), 6 ppm: 

1.21 (3H, doublet, J = 7.3 Hz); 

1 .30 (3H, doublet, J = 6.4 Hz); 
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1.63-1.74 (1H. multiplet); 
2.70 - 2.82 (1H, multiplet); 
3.06 - 3.26 (2H, multiplet); 
3.34 - 3.46 (2H, multiplet); 
3.55 - 3.90 (9H, multiplet); 
4.14-4.31 (3H, multiplet); 
7.92 (1H, singlet). 



(1 R,5S,6S)-2-[(2S,4S)-2-(4-Formimidoylhomopiperazin-1 -ytcart>onyl)pyrrolidir*4-ylthio]-6-[(1 R)-1 -hydroxy e- 
thyl}-1-methy1-1-carbapen-2-env3-cart>oxylic acid 



5(a) 4-Nitrobenzyl (1 R,5S t 6S)-2-[(2S t 4S)-2^4-(N-4-nitrobenzyloxyc 

cartx)nylH-(4-nitrobenzyloxycai1x)nyi)pyr^^ 

env3-carboxylate 

90 (if of diphenyiphosphoryl chloride and 77 \it of diiso propyl ethyl amine were added dropwise, whilst ice- 
cooling, to a solution of 150 mg of 4-nitrobenzyl ( 1 R, 5R,6S)-6-[(1 R)- 1 - hydroxy ethyl]- 1 -methyl-2-oxo- 1 -carba- 
penam-3-carboxylate in 1 .9 ml of dry acetonitrfle, and the resulting mixture was stirred at the same temperature 
for 1 hour. A solution of 316 mg of (2S f 4S)^mercapto-2-[4-(N-4-nitrob 

perazin-1-ytCTrtonyi]-1-(4-nitrobertzyloxycartx>nyl)pyrrolidine trifluoromethanesulphonate [prepared as de- 
scribed in Preparation 5(1)] in 1.7 ml of dry acetonitrile and 195 \xt of diisopropylethyfamine were then simul- 
taneously added dropwise to the mixture, whilst ice-cooling and the mixture was allowed to stand overnight at 
the same temperature. At the end of this time, the reaction mixture was worked up and purified by the sam 
procedure as described in Example 1(b) t to give 105 mg of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1773, 1709, 1657, 1601. 1521, 1346, 1209, 1161. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 5 ppm: 

1.22- 1.38 (6H, multiplet); 

1 .80 - 2.1 (3H, multiplet); 

2.60 - 2.81 (1H, multiplet); 

3.22 - 4.30 (15H, multiplet); 

4.60 - 4.72 (1 H, multiplet); 

5.10 - 5.53 (6H, multiplet); 

7.39 - 7.68 (6H, multiplet); 

8.14 - 8.25 (6H, multiplet); 

8.32- 8.57 (1H, multiplet). 

5(b)(1R,5S,6S)-24(2S,4S)-2-(4-Fofm^ 
droxyethyll-1-methyt-1-carbapen-2-em-3-carboxylic acid 

89 mg of 4-nitrobenzyf (1R,5S,6§^2-{(2S,4S)-2-[4^-4^ 
1 -ylcaitonylH -(4~nitrobenzy 

em-3-carboxylate [prepared as described in step (a) above] were dissolved in 4.5 ml of a 2 : 1 by volume mixture 
- of tetrahydrofuran and water, and were hydrogenated by bubbling hydrogen through the solution at room tem- 
perature for 2 hours in the presence of 230 mg of 1 0% w/w palladlum-on-charcoal. At th hd of this tim , the 
reaction mixture was worked up and purified by th same procedure as described in Example 1(b), to give 13 
mg of th tit! compound as a powder. 
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Ultraviolet absorption spectrum (H 2 0) ^ nm. 
298. 

Infrared Absorption Spectrum (KBr), cm- 1 : 

1754, 1706, 1638, 1588. 1383. 
Nuclear Magnetic Resonance Spectrum (270 MHz, DjO, using tetradeuterated sodium trimethylsflyipro- 
pionate as an internal standard), 8 ppm: 

1.21 (3H, doublet, J = 7.3 Hz); 

1.30 (3H, doublet, J = 6.4 Hz); 

1.45-1.62 (1H, multiplet); 

1.90-2.02 (2H, multiplet); 

2.67 - 2.83 (1H, multiplet); 

3.03 - 3.20 (2H, multiplet); 

3.30 - 3.47 (2H, multiplet); 

3.60 - 3.97 (9H, multiplet); 

4.02- 4.16 (1H, multiplet); 

4.20 - 4.31 (2H, multiplet); 

7.84, 7.93 & 7.96 (together 1 H, three singlets). 

EXAMPLE 6 

(1R,5S,6S)-2-{(2S,4S)-2-[(3S)-4-Formimidoyl-3^ 
hydroxyethyl}-1-methyl-1-cart>apen-2-env3-carboxy1ic acid 




6(a) 4-Nitrobenzyl (1 R,5S,6S)-2-{(2S,4S)-2-[(3S)-4-(N-4-nitrobenzyloxycarb^^ 

azin-1-ylcart>onylH-(4-nitrobenzyloxycart>on 

bapen-2-em-3-carboxylate 

83 uf of diphenytphosphoryl chloride and 17 yit of diisopropytethylamine were added dropwise, whilst ice- 
cooling, to a solution of 138 mg of 4-nitrobenzyl ( 1 5R,6S)-6-[(1 R>- 1 -hydroxyethyl}- 1 -methyt-2-oxo- 1 -carba- 
penam-3-carboxylate in 1 .7 ml of dry acetonitrOe, and the resulting mixture was stirred at the same temperature 
for 1 hour. A solution of 290 mg of (2S^4S)-4-mercapto-2-[(3S)^(r^nito 

methylpiperazin-1-ylcarbonyt]-1 -(4-nitrobenzyloxycarbonyt)pyrrolidine trif luoromethanesulphonate (prepared 
as described in Preparation 6) in 1.5 ml of dry ace to nitrite and 179 of diisopropytethylamine were then si- 
multaneously added dropwise to the resulting solution, whilst ice-cooling, and the mixture thus obtained was 
allowed to stand overnight at the same temperature. At the end of this time, the reaction mixture was worked 
up and purified by the same procedure. as described in Example 1(a), to give 108 mg of the title compound, 
as a powder. 

6(b)(1R,5S,6S)-2-{(2S t 4S)-2-[(3S)-4-Formimido^ 

[(1 R)-1 -hydroxyethyl]- 1 -methyl- 1 -carta perv2-em-3-carboxylic acid 

87 mg of 4-nitrobenzyl (1R,5S,6S)-2-{(2S,4S)-2-{(3S)-4-(N^ 
thylpiperazin-1-yicarbonyil-1-(4-nitrobenzyloxycart>onyi^ 

1 -carbapen-2-em-3-carboxylate [prepared as described in step (a) above] were dissolved in- 4.5 nrd of a 2 : 1 
by volume mixture of tetrahydrofuran and wat r, and were hydrogenated by bubbling hydrogen through the sol- 
ution at room temperature for 2 hours in the presence of 220 mg of 10% w/w palladlum-on-charcoal. The re- 
action mixture was then worked up and purified by the same procedure as that described in Exampl 1(b), to 
giv 16mgofth title compound, as a powder. 

Ultraviolet absorption spectrum (H 2 0) ^ nm: 
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299. 

Infrared Absorption Spectrum (KBr), v^* cnrr 1 : 

1754, 1705, 1645, 1591, 1447, 1386, 1258. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0, using tetrad uterated sodium trimethylsOyl pro- 
pionate as an internal standard), 6 ppm: 
1.17-1.43 (9H, multiplet); 
1.52-1.73 (1H, multiplet); 
2.66-2.87 (1H, multiplet); 
3.01 - 3.26 (2H, multiplet); 
3.33 - 3.48 (2H, multiplet); 
3.48 - 4.43 (11 H, multiplet); 
7.84 & 7.95 (together 1H, two singlets). 

EXAMPLE 7 

(1R,5S,6S)-2-[(2S,4S)-2-(2-MethyM-pipe 
thyM-caroapen-2-em-3-carboxylic acid hydrochloride 




7(a) 4-Nitrobenzyl (1 R,5S,6S)-2-{(2S t 4S)-2-g-methyl-4-(4-nitrobenzylo 

(4-nitrobenzyloxycarbonyl)pyrrolidin-4-yithk>^ 

late 

0.67 ml of diphenyiphosphoryl chloride and 0.56 ml of diisopropylethyiamine were added dropwise, whilst 
ice-cooling, to a solution of 1.05 g of 4-nitrobenzyl ( 1 R, 5 R, 6S)-6-{( 1 R)- 1 - hydroxy eth yi}- 1 -m ethyi-2-oxo- 1 -car- 
bapenam-3-carboxylate in 10 ml of dry acetonitrile, and the resulting mixture was stirred at the same temper- 
ature for 1 hour. A solution of 1 .98 g of (2S,4S)-4-mercapto-2-[2-methyl-4-(4-nitrobe 

azinylcarbonyi]-1-(4-nitrobenzyloxycart)onyl)pyrrolidine (prepared as described in Preparation 7) in 10 ml of 
dry acetonitrile and 0.56 ml of diisopropylethyiamine were then simultaneously added dropwise to the mixture 
at a temperature of between 2°C and 10°C, and the mixture thus obtained was stirred for 90 minutes, whilst 
ice-cooling; it was then allowed to stand overnight at the same temperature. At the end of this time, the reaction 
mixture was concentrated by evaporation under reduced pressure, and the residue was diluted with ethyl acet- 
ate. The diluted solution was washed, in turn, with water and with an aqueous solution of sodium chloride. Th 
ethyl acetate solution was then dried over anhydrous magnesium sulphate, and the solvent was removed by 
distillation under reduced pressure. The resulting residue was purified by column chromatography through 250 
ml of silica gel 60 (Merck Art No. 9385), using a 95 : 5 by volume mixture of ethyl acetate and methanol as the 
eluent, to give 2.48 g of the title compound, as an amorphous solid. 
Infrared Absorption Spectrum (KBr), v^ cnrr 1 : 

1775, 1708, 1655, 1606. 1522, 1434, 1346. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 5 ppm: 

1 .28 (3H, doublet, J = 7.32 Hz); 

1.36 (3H, doublet. J = 6.35 Hz); 

1.06 - 1.47 (3H, multiplet); 

1.66-2.06 (1H, multiplet); 

2.47 - 5.15 (17H. multiplet); 

5.20 - 5.52 (6H. multiplet); 

7.43 - 7.52 (4H, multiple^ 

7.65 (2H, doublet, J = 8.79 Hz); 

8.23 (4H. two doublets, J = 8.29 Hz); 

8.17 - 8.25 (2H, multiplet). 
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7(b)(1R,5S.6SV2-[(2S.4S)-2-(2-MetriyM-pi^ )-6-[(1RH -hydroxy thytl-1- 

methyt*1-cafbapen-2-ern-3-carfaoxyllc acid hydrochloride 

2.48 g of 4-nitrobenzyl (1F^5§^6S>2^(2S^4^2^2~methyl^(4-n 
bonyl}-1-(4-ntorobenzyioxy(»rbonyi)pyr^ 

carboxytate [prepared as described in step (a) above] were dissolved in 30 ml of a 1 : 1 by volume mixture of 
tetrahydrofuran and water, and then 2.9 ml of 1N aqueous hydrochloric add were added, and the mixture was 
hydrogenated by bubbling hydrogen through it at room temperature for 2.5 hours in the presence of 2.5 g of 
10% w/w palladium-on-charcoal. The catalyst was filtered off, and the filtrate was washed with diethyl ether. 
The resulting aqueous solution was concentrated by evaporation under reduced pressure, and the residue was 
purified by reverse phase column chromatography through 125 ml of Cosmo Sil 75C 1S -PREP (a trade mark 
for a product of Nacalai Tesque), using water as the eluent Those fractions containing the title compound were 
combined, concentrated by evaporation under reduced pressure and lyophilised, to give 440 mg of the title com- 
pound as a powder. 

Infrared Absorption Spectrum (KBr), crrr 1 : 

1760, 1655, 1593, 1447, 1384, 1287. 
Nuclear Magnetic Resonance Spectrum (270 MHz, 0 2 O, using tetradeuterated sodium trimethylsilytpro- 
pionate as an internal standard), 6 ppm: 

1.21 (3H, doublet, J = 7.32 Hz); 

1.28 (3H, doublet, J = 6.35 Hz); 

1.34-1.51 (3H, multiplet); 

1.92 - 2.07 (1H. multiplet); 

2.99 - 3.55 (9H, multiplet); 

3.69 - 4.65 (6H, multiplet); 

4.72 - 4.95 (1 H, multiplet). 
Ultraviolet absorption spectrum (H 2 0) ^ nm: 

296. 

EXAMPLE 8 

(1R,5S,6S)-2-[(2S,4S)-2-(3-Methyl-1-piperaz^ 
thyl-1-carbapen-2-em-3-carboxyiic acid hydrochloride 




8(a) 4-Nitrobenzyl (1 R,5S,6S)-2^(2S,4S)-2-I3-mBthyl-4-(4-nitrobenz^ 

(4-nitrobenzyioxycart)onyl)pyrrolidi 

late 

0.60 ml of diphenyiphosphoryl chloride and 0.51 ml of diisopropyl ethyl amine were added dropwise, whilst 
ice-cooling, to a solution of 0.96 g of 4-nitrobenzyl (1^5R^6S)^(1R)-1-hydrQxyethylJ-1-methyl-2-oxo-1-car- 
bapenam-3-carboxylate in 10 ml of dry acetonitrile, and the resulting mixture was stirred at the same temper- 
ature for 40 minutes. A solution of 1.55 g of (2S,4S)^mercapto-2-PHTiethy1-4-(4-ni 
piperazinytc^rbonyf]-1-(4-nitrobenzyloxyCTrbonyl)pyrrolidine (prepared as described in Preparation 8) in 20 ml 
of dry acetonitrile and 0.46 ml of diisopropylethylamine were then simultaneously added dropwise to the mixture 
at a temperature of between 2°C and 7°C and the mixture was allowed to stand overnight at the same temper- 
ature. At the end of this time, the reaction mixture was concentrated by evaporation under reduced pressure, 
and th residue was diluted with ethyl acetate. The diluted solution was washed, in turn, with water and with 
an aqueous solution of sodium chloride, after which it was dried over anhydrous magnesium sulphate, and th 
solvent was removed by distillation under reduced pressure. Th resulting residue was purified by column chro- 
matography through 250 ml of silica gel 60 (Merck Art N . 9385), using a 95 : 5 by volume mixture f ethyl 
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acetate and methanol as th eluent to give 1.98 g of th title compound, as an amorphous solid. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1775, 1706, 1659, 1607, 1522, 1430, 1406. 1346. 
Nuclear Magnetic Resonance Spectrum (CDCf 3f 270 MHz), 6 ppm: 
5 1.16 - 1.38 (6H, multiplet); 

1.36 (3H, doublet J = 6.35 Hz); 
1.80-2.07 (1H, multiplet); 
2.63 - 4.81 (17H, multiplet); 
5.09 - 5.52 (6H, multiplet); 
10 7.27 - 7.52 (4H, multiplet); 

7.65 (2H, doublet, J = 8.30 Hz); 
8.22 (4H, doublet, J = 8.79 Hz); 
8.16 - 8.25 (2H, multiplet). 

15 

8(b) (1 R,5S.6S)-2-K2S,4S)-2-(3-Methyl-1-plperazinylc^ RH-hydroxyethylH- 
methyM-carbapen-2-em-3-carboxylic acid hydrochloride 

1.97 g of 4-nitrobenzyl (1F^5S,6S)-2-{(2S,4S)-2-[3-methyl^4-nitroben2^ 
20 carbonyi]-H4-nitroberizylGxy^ 

3-carboxylate [prepared as described in step (a) above] was dissolved in 40 ml of a 1 : 1 by volume mixture of 
tetrahydrofuran and water, and then 2.3 ml of 1N aqueous hydrochloric acid were added, and the mixture was 
hydrogenated by bubbling hydrogen through it at room temperature for 2 hours in the presence of 2.0 g of 1 0% 
w/w pa!ladium-on-charcoal. The catalyst was f Qtered off, and the filtrate was washed with diethyl ether. It was 
25 then concentrated by evaporation under reduced pressure, and the resulting residue was purified by reverse 
phase column chromatography through 100 ml of Cosmo Sil 75C 1S -PREP (a trade mark for a product of Nacalai 
Tesque), using water as the eluent Those fractions containing the title compound were combined, concentrated 
by evaporation under reduced pressure and lyophilised, to give 320 mg of the title compound as a powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 
30 1760, 1660, 1594, 1453, 1386, 1263. 

Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0, using tetradeuterated sodium trimethylsilyl pro- 
pionate as an internal standard), 5 ppm: 

1.21 (3H, doublet J = 7.33 Hz); 
1.28 (3H, doublet J = 6.35 Hz); 
35 1 .36 - 1 .40 (3H, multiplet); 

1.97-2.07 (1H, multiplet); 
3.01 - 3.67 (9H, multiplet); 
3.77 - 4.53 (6H f multiplet); 
4.72 - 4.95 (1H, multiplet). 
40 Ultraviolet absorption spectrum (H 2 0) X wax nm: 

296. 

EXAMPLE 9 

45 (1R,5S,6S)-2^(2S,4S)-2-[(2S)-2-MethyM^ 

methyl- 1 -ca rbape n-2-env3-cartx)xy1 ic acid hydrochloride 



50 
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9(a) 4-Nrtrobenzyt (1R,5S,6S)-2-{(2S,4S)-2-K2S)-2Hnethyl-4-(4-n^^ 

nyl^1K4-nitrobenzyloxycart>ony<)pyrrolkiin-4-ytthl 3^[(1R)-1>hydrDxyethyO-1»methy1-1-carfaaper>-2-em-3- 
carboxylate 

57 til of diphenylphosphoryl chloride and 48 uf of dilsopropylethyiamine were added dropwise, whilst Ice- 
cooling, to a solution of 89 mg of 4-nitrobenzyt (1F^5f^6S)-6-[(1F^1-hydroxyethy1H-n^u^ 
penan>3-carboxylate in 1 .0 ml of dry acetonftrie, and the resulting mixture was stirred at the same temperature 
for 1 hour. A solution of 168 mg of (2S,4S)-4-me!T»pto-2-[(2S)-2-rrte 

azinytcartonyipi-(4-nftrobenzyloxycartx)nyl)pyrrolidine (prepared as described in Preparation 9) In 0.5 ml of 
dry acetonitrile and 48 ul of dilsopropylethyiamine were simultaneously added dropwise to the mixture, whilst 
ice-coding. The mixture was then stirred at the same temperature for 1 hour, after which it was allowed to stand 
overnight at the same temperature. At the end of this time, the reaction mixture was worked up and purified 
by the same procedure as described in Example 7(a) to give 205 mg of the title compound, as a powder. 

9(b) (1 R,5S,6S)-2^(2S.4S)-2-[(2S)-2-Methy^ R)-1-hydroxyer 
thyl}-1-methyl-1-carbapen-2-em-3-cart)oxylic acid hydrochloride 

205 mg of4-nfcrobenzyi (1F^5S,6S)-2-{(2S,4S)-2-[(2S)-2-mefr 
nytcart>ony1M ^4-nitrobenryloxycart>ony1^ 

em-3-carboxylate [prepared as described in step (a) above] were dissolved in 3 ml of a 1 : 1 by volume mixture 
of tetrahydrofuran and water, after which 240 of 1 N aqueous hydrochloric acid were added, and the mixture 
was hydrogenated by bubbling hydrogen through it at room temperature for 2 hours in the presence of 250 mg 
of 10% w/w palladium-on-charcoal. The reaction mixture was then worked up and purified by the same pro- 
cedure as described in Example 7(b), to give 30 mg of the title compound as a powder. 
Ultraviolet absorption spectrum (H 2 0) nm: 
296. 

Infrared Absorption Spectrum (KBr), ^ cmr 1 : 

1759, 1653, 1591, 1447, 1384, 1287. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0, using tetradeuterated sodium trimethylsilylpro- 
pionate as an internal standard), 5 ppm: 



1.21 (3H, doublet J = 6.83 Hz); 

1.28 (3H, doublet J = 6.35 Hz); 

1.35 & 1.50 (together 3H, two doublets, J = 6.83 Hz); 

1.88-2.11 (1H. multiplet); 

2.97 - 3.60 (8H, multiplet); 

3.47 (1H, doublet of doublets, J = 6.35 & 2.93 Hz); 
3.63 - 3.90 (2H. multiplet); 
4.03- 4.13 (1H, multiplet); 
4.20 - 4.29 (2H, multiplet); 
4.33 - 4.98 (2H, multiplet). 



EXAMPLE 10 

(1 R,5S,6S)-2-{(2S,4S)-2-[(2R)-2-MethyM -piperazinylcart)onyl]pyrroiidin-4-ylthio}-S-[(1 R)-1 -hydroxyethylH - 
methyl-1-carbapen-2-env3-carboxylic acid hydrochloride 




H 



CH 3 ' 



N-H 



MCI 
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10(a) 4-Nrtro benzyl (1R,5S.6S)-2-{(2S,4S^2-r(2R)-2-methyf-4-(4-^ 

bonyf>H4-nitrobenzytoxycart>ony1)pyrrolldliv4-ylthi }^[(1R)-1-hydroxyethy1>1wTiethyt-1-caffaapen-2-env3- 
carboxylate 

37 \il of diphenyiphosphoryl chloride and 31 u.£ of diisopropyiethylamine were added dropwise, whilst ice- 
cooling, to a solution of 58 mg of 4-nitrobenzyl (1R,5R,6S)-6-[(1R)-1-hydroxyethyll-1-methyl-2-oxo-1-carba- 
penam-3-carboxylate In 1.0 ml of dry acetonitrfle, and the resulting mixture was stirred at the same temperature 
for 1 hour. A solution of 1 09 mg of (2S,4S)^mercapto-2-[(2f^2-methyl^4-nitro 

azinytcartony1^1-(4-nitroberi2yloxycarbonyl)pyrrolidine (prepared as described in Preparation 10) In 0.5 ml of 
dry acetonitrfle and 31 ui of diisopropyiethylamine were then simultaneously added dropwise to the mixture 
at a temperature of 5°C to 10°C and the mixture thus obtained was stirred for 30 minutes, whilst ice-cooling, 
after which it was allowed to stand overnight at the same temperature. At the end of this time, the reaction mix- 
ture was worked up and purified by the same procedure as described in Example 7(a), to give 132 mg of the 
title compound, as a powder. 

1 0(b) (1 R,5S,6S)-2-{(2S t 4S)-2-[(2R)-2-Methyl-1 -piperaginylcarbonyl]pyrrolidin-4-ylthio)-6-[(1 R)-1 -hydroxy e- 
thyl}-1-methyi-1-carbapen-2-em-3-carboxylic acid hydrochloride 

132 mg of 4-nitrobenzyl (1R,5S^6S)-2-{(2S ( 4S)-2-{(2^2-methyl-4- (4- nitro benzyl ox^ 
nylcart>onylM ^4-nitrobenzyloxycai^ 

em-3-carboxylate [prepared as described in step (a) above] was dissolved in 3 mi of a 1 : 1 by volume mixture 
of tetrahydrofuran and water, after which 160 ui of 1N aqueous hydrochloric acid were added, and the mixture 
was hydrogenated by bubbling hydrogen through it at room temperature for 2 hours in the presence of 150 mg 
of 10% w/w palladiunvon-charcoal. At the end of this time, the reaction mixture was worked up and purified 
by the same procedure as described in Example 7(b), to give 23 mg of the title compound as a powder. 
Ultraviolet absorption spectrum (H 2 0) Kmx nm: 
296. 

EXAMPLE 11 

(1R,5S,6S)-2-((2S,4SV2-[(3S)-3-Methyl-1-pipeira 
methyl- 1-carbapen-2-en>3-carboxylic acid hydrochloride 




11(a) 4-IMitrobenzyl (1R, 5S, 6S)-2-{(2S, 4S)-2-[(3S)-3-methyl-4-(4-nitroberiz^ 

carbonylH-(4-nitrobenzyloxycart>on^ 
em-3-carboxylate 

50 til of diphenyiphosphoryl chloride and 43 \xt of diisopropyiethylamine were added dropwise, whilst ice- 
cooling, to a solution of 80 mg of 4-nitrobenzyl (1^5^6S)-6-[(1^1-hydroxyethyl}-1-methyl-2-oxo-1-carba- 
penam-3-carboxyiate in 1.0 ml of dry acetonitrfle, and the resulting mixture was stirred at the same temperature 
for 50 minutes. A solution of 130 mg of (2S/tS)-4-mercapto-2-[(3S)-3-mefr^ 

pipei^nyicajt>onyiH-(4-nitrobenz^ (prepared as described In Preparation 11) in 1.5 

ml of dry acetonitrile and 38 uf of diisopropyiethylamine were then simultaneously added dropwise to the mix- 
ture, whilst ice-cooling, and the mixture was stirred at the same temperature for 2 hours, after which it was 
allowed to stand overnight at the same temperature. At the end of this time, the reacti n mixture was worked 
- up and purified by the sam procedure as described in Example 8(b)rtogive 170 mg of the title compound, 
as a powder. 
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11(b) (1R,5S.6S)-2-{(2S,4S)-2-{(3S)-3-Methyl-1-pipera^ )-6-[(1 R)-1-hydroxye- 

thyll-1-rn thyM-caifcaperv2-em-3-carboxyiic acid hydrochloride 

1 70 mg of 4-nitrobenzyl (1&5S,6S)-2-{(2S,4S)-2-K3S)-3-m^ 
ny1carbonyl^H4-nitrobenzy1oxyc^rt)onyi)pyrrolW 

em-3-carboxylate [prepared as described in step (a) above] were dissolved in 3.5 ml of a 1 : 1 by volume mixture 
of tetrahydrofuran and water, after which 0.19 ml of 1N aqueous hydrochloric acid was added, and the mixture 
was hydrogenated by bubbling hydrogen through it at room temperature for 2.5 hours in the presence of 170 
mg of 1 0% w/w palladium-on-charooal. At the end of this time, the reaction mixture was worked up and purified 
by the same procedure as described in Example 8(b), to give 25.0 mg of the title compound as a powder. 
Ultraviolet absorption spectrum (H 2 0) nm: 
296. 

Infrared Absorption Spectrum (KBr), Kmx cnr 1 : 

1761 . 1660, 1594, 1453, 1385, 1262. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 O t using tetradeuterated sodium trimethylsDylpro- 
pionate as an internal standard), 6 ppm: 

1.20 (3H. doublet, J = 7.32 Hz); 

1.28 (3H, doublet, J = 6.35 Hz); 

1.36-1.40 (3H, multiplet); 

1.99-2.07 (1H, multiplet); 

3.04 - 3.63 (9H, multiplet); 

3.76 - 4.50 (6H, multiplet); 

4.72-4.93 (1H ( multiplet). 



EXAMPLE 12 

(1R,5S,6S)-2-{(2S,4S)-2-[(3R)-3-Meth^ 

methyl- 1-cart)apen-2-em- 3- carboxylic acid hydrochloride 




12(a) 4-Nitro benzyl (1R,5S,6S)-2-{(2S,4S)-2-[(3R)-3-methyl-4-(4-rt 

bonylH-(4-nitrobenzy1oxycarbonyl)p 
carboxylate 

55 til of diphenyiphosphoryi chloride and 47 \jl2 of diiso propyl ethyl amine were added dropwise, whilst ice- 
cooling, to a solution of 87 mg of 4-nitrobenzyl (1 R,5R,6S)-6-[(1 R)« 1 -hydroxyethyl}-1 -methyl-2-oxo- 1 -carba- 
penam-3-carboxylate in 1 .0 ml of dry acetonitrile, and the resulting mixture was stirred at the same temperature 
for 1 hour. A solution of 145 mg of (2S,4S)-4-mercapto-2-[(3F^3-methyl-4-(^ 

azinylcarbonyl^1-(4-nitrobenzyloxycarbonyt)pyrrolidine (prepared as described in Preparation 12) in 2.0 ml f 
dry acetonitrile and 42 til of diisopropylethytamine were then simultaneously added dropwise to the mixture, 
whilst ice-coding, and the mixture was stirred at the same temperature for 1 hour, after which it was allowed 
to stand overnight at the same temperature. At the end of this time, the reaction mixture was worked up and 
purified by the same procedure as described in Example 8(a), to give 175 mg of the title compound, as an amor- 
phous solid. 

12(b) (1R,5S,6S)-2-{(2S,4S)-2-[(3R)-3-MethyM-plpe^ 
thyj]-1-methyl-1-carbapen-2-em-3-carboxylic acid hydrochlorid 

175 mg of 4-nitrobenzyl (1R,5S,6S)-2-{(2^4S)-2-[(3R)-3-methyM-(4-nitrobenzy 
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ny1cart>onyf^H4-nitrobenzy1oxy^ }-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2- 
em-3-carboxylate [prepared as described in step (a) above] were dissolved in 35 ml of a 1 : 1 by volume mixture 
of tetrahydrofuran and water, after which 0.20 ml of 1N aqueous hydrochloric acid was added, and the mixture 
was hydrogenated by bubbling hydrogen through it at room temperature for 2 hours in the presence of 175 mg 
of 10% w/w palladium-on-charcoal. At the end of this time, the reaction mixture was worked up and purified 
by the same procedure as described in Example 8(b), to give 28.0 mg of the title compound as a powder. 
Ultraviolet absorption spectrum (H 2 0) nm: 
296. 

EXAMPLE 13 

(1 R f 5S,6S)-2-[(2S l 4S)-2-(trans-2 t 5-Dimethyl-1 -pipera2inylcarbonyl)pyrrolidin-4-yithiol-6-[(1 R)- 1 -hydroxy e- 
thyl}-1-methyl-1-carbapen-2-em-3-carboxylic acid hydrochloride 




13(a) 4-Nitrobenzyl (1R,5S,6S)-2K(2S,4S)-2-[trans-2,5-dirr^ 

cart)onyfr1-(4-nitrobenzyloxy 

em-3-carboxylate 

150 \i£ of diphenylphosphoryl chloride and 127 \i2 of diisopropylethylamine were added dropwise, whilst 
ice-cooling, to a solution of 248 mg of (1R,5R,6S)-6-[(1 ^1-hydroxyethyl>1-methy»-2-oxo-1-carbapenam-3- 
carboxylic acid in 3 ml of dry acetonitrile, and the resulting mixture was stirred at the same temperature for 1 
hour. A solution of 533 mg of (2S.4SMHTiercapto42- (trans- 2.5^imeth^ 

aziny1carbonyl]-1-(4-nitrobenzyloxycai1x>nyl)pyrroiidine (prepared as described in Preparation 13) in 2.5 ml of 
dry acetonitrile and 132 \l2 of diisopropylethylamine were then simultaneously added dropwise to the mixture 
at a temperature of between 0 and 5°C, and the mixture was stirred for 2 hours, whilst ice-cooling, after which 
it was allowed to stand overnight in a refrigerator. At the end of this time, the reaction mixture was worked up 
and purified by the same procedure as described in Example 7(a), to give 281 mg of the title compound, as a 
powder. 

13(b) (1R,5S,6S)-2-[(2S,4S)-2-(trans-2,5-Dimeft^ 

droxyethyl]- 1 -methyl- 1 -cart3apen-2-em-3-carboxy1 ic acid hydrochloride - 

281 mg of 4-nitrobenzyl (1R.5S,6S)-2^(2S i 4S) ^trans- 2,5-dimeth^ 
perazinylcart>onyl>1 -(4-nitrober^ 

en-2-em-3-carboxylate [prepared as described in step (a) above] were dissolved in 6 ml of a 1 : 1 by volume 
mixture of tetrahydrofuran and water, after which 328 \it of 1N aqueous hydrochloric acid were added, and the 
mixture was hydrogenated by bubbling hydrogen through it at room temperature for 2 hours in the presence 
of 0.3 g of 10% w/w palladium-on-charcoal. At the end of this time, the reaction mixture was worked up and 
purified by the same procedure as described in Example 7(b), to give 29 mg of the title compound as a powder. 
Ultraviolet absorption spectrum (H 2 0) nm: 
296.5. 

Infrared Absorption Spectrum (KBr), crrr 1 : 

1762, 1656, 1592, 1455, 1386, 1139. 
Nuclear Magnetic Resonance Spectrum (270 MHz, t^O, using tetradeuterated sodium trimethylsflyfpro- 
pionate as an internal standard), 6 ppm: 

1.20 (3H. doublet, J = 7.32 Hz); 

1.28 (3H, doubl t, J " 6.35 Hz); 

1.35 (3H, doublet, J = 7.32 Hz); 

1.41 & 1.46 (together 3H, tw d ublets, J = 6.84 Hz); 
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1 .92 - 2.08 (1 H, multiplet); 
2.96 - 3.65 (6H. multiplet); 

3.47 (1 H, doublet of doublets, J = 6.35 & 2.93 Hz); 
3.76 - 3.90 (3H t multiplet); 
4.00- 4.15 (1H, multiplet); 
4.20 - 4.41 (3H, multiplet); 
4.75-4.88 (1H, multiplet). 

EXAMPLE 14 

(1R,5S,6S)-2-[(2S,4S)-2-(tis-3,5-Dimethy1-1-pfo^ 

1 -methyl- 1 -carbapen-2-em-3-carboxyl ic acid hydrochloride 




14(a) 4-Nitro benzyl (1 R,5S.6S)-2-[(2S,4S)-2-(cis-3,5-dimethyM-piperazinv^ 
cart>onyl)pyrndklin^ylthio]-6^ 

92 uf of diphenylphosphoryl chloride and 78 \i£ of diisopropylethylamine were added dropwise, whilst ice- 
cooling, to a solution of 152 mg of 4-nitrobenzyl ( 1 R, 5R, 6 S)-6-[(1 R)- 1 - hydroxy ethyl]- 1 -methyl-2-oxo- 1 -carba- 
penam-3-carboxylate in 2 ml of dry acetonitrfle, and the resulting mixture was stirred at the same temperature 
for 1 hour. At the end of this time, 176 ul of diisopropylethylamine and a solution of 230 mg of (2S t 4S)-4-mer- 
capto-2-(cis-3.5-dimethyl-1-piperazinylrarbo (prepared as descri- 

bed in Preparation 14) in 1.8 ml of dry acetonitrile were simultaneously added dropwise to the mixture, whilst 
ice-cooling, and the mixture was stirred at the same temperature for 5 hours, after which it was allowed to stand 
overnight in a refrigerator. The reaction mixture was then freed from the solvent by distillation under reduced 
pressure, and the resulting residue was mixed with an aqueous solution of sodium hydrogencarbonate and then 
extracted with ethyl acetate. The extract was dried over anhydrous magnesium sulphate and the solvent was 
removed by distillation under reduced pressure. The resulting residue was worked up and purified by the same 
procedure as described in Example 8(a), to give 224 mg of the title compound, as a powder. 

14(b) (1 R,5S,6S)-2-[(2S,4S)-2-(as-3>Pime^ R)-1-hydrox- 
yethyl}- 1 -methyM -carbapen-2-em-3-carboxylic acid hydrochloride 

The whole of the 4-nitrobenzyl (1f^5S,6S)-2-[(2^4S>2-(as-3 l ^imeth^ 
trobenzyloxycarbonyl)pyrroridin-4- pre- 
pared as described in step (a) above was dissolved in 4 ml of a 1 : 1 by volume mixture of tetrahydrofuran and 
water, after which 261 u.f of 1N aqueous hydrochloric acid were added, and the mixture was hydrogenated by 
bubbling hydrogen through it at room temperature for 2 hours in the presence of 0.2 g of 10% w/w paltadium- 
on-charcoal. At the end of this time, the reaction mixture was worked up and purified by the same procedure 
as described in Example 8(b), to give 27 mg of the title compound as a powder. 
Ultraviolet absorption spectrum (H 2 0) ]^ nm: 
296.5. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1761, 1661, 1599, 1459, 1386, 1268. 
Nuclear Magn tic Resonance Spectrum (270 MHz, D2O, using t tradeuterated sodium trimethylsflylpro- 
pionate as an interna) standard), 8 ppm: 

1.20 (3H, doublet, J = 7.32 Hz); 

1.28 (3H, doublet J = 6.35 Hz); 

1.35- 1.39 (6H, multiplet); 

1.96-2.06 (1H, multiplet); 
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2.72 - 3.53 (9H, multfplet); 
3.75 - 4.29 (5H, multiplet); 
4.53 - 4.94 (1H, multiplet). 

5 EXAMPLE 15 



(1R.5S,6S)-2-{(2S,4S)-2-I4^2-HydroxyethyiH-homop 
dfDxyethyl>1-methyl-1-cafbapen-2-eiTV^-cart)oxyllc acid hydrochloride 




15(a) 4-Nitro benzyl (1 R,5S,6S)-2-{(2S,4S)-2-[4-(2-4'-nitrobenzyloxycarbonv^^ 
20 rart>ony1H-(4-nitrobenzy1oxycart>onyl)^ 
em-3-carboxylate 

460 \xt of diphenytphosphoryl chloride and 390 u.f of diisopropylethylamine were added dropwise, whilst 
ice-cooling, to a solution of 761 mg of 4-nitro benzyl ( 1 R, 5 R, 6S)-6-{( 1 R)- 1 - hydroxyethyl}- 1 -methyl-2-oxo- 1 -car- 
25 bapenam-3-carboxylate in 10 ml of dry acetonitrite, and the resulting mixture was stirred at the same temper- 
ature for 1 hour. At the end of this time, 780 u£ of diisopropylethylamine and a solution of 2.2 g of (2&AS)-4^ 
mercapto-2-{4-p-(4-nitrobenzyloxycarta 

pyrrolidine trifluoromethanesulphonate (prepared as described in Preparation 15) in 5 ml of dry acetonttrile 
were simultaneously added dropwise to the mixture, whilst ice-cooling t and the mixture was stirred overnight 
30 at the same temperature. The solvent was then removed by distillation under reduced pressure, and the re- 
sulting residue was mixed with an aqueous solution of sodium hydrogencarbonate. The mixture was then ex- 
tracted with ethyl acetate. The extract was dried over anhydrous sodium sulphate and the solvent was removed 
by distillation under reduced pressure. The resulting residue was purified by column chromatography through 
50 g of silica gel (a product of Merck, 230 to 400 mesh), using a 9 : 1 by volume mixture of ethyl acetate and 
35 methanol as the eluent Those fractions containing the title compound were combined and concentrated by 
evaporation under reduced pressure, to give 857 mg of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), crrr 1 : 

1768, 1750, 1710, 1649, 1522, 1347, 1260. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 8 ppm: 
40 1 .27 (3H, doublet, J = 7.3 Hz); 

1.36 (3H V doublet, J = 6.0 Hz); 
1.80- 2.05 (3H. multiplet); 
2.40 - 3.00 (7H, multiplet); 
3.23 - 3.78 (7H, multiplet); 
45 4.00 - 4.29 (5H, multiplet); 

4.61 - 4.77 (1H, multiplet); 
5.03 - 5.53 (6H, multiplet); 
7.42 - 7.67 (6H, multiplet); 
8.16-8.25 (6H, multiplet). 



15(b) (1 R,5S,6S)-2-{(2S,4S)-2-[4-(2-Hydroxyethy^ R)-1- 
hydroxyethyiK1-methyi-1-cart)apen-2-em-3-carboxylic acid hydrochlorld 

55 — 350 mg of 4-nitrobenzyl (1R,5S,6S>2-{(2^4S)-2-[4-(2-4'-nitro 

aziny1carbonyl]-1-(4-nitrobenzyioxyc»i^ ylthlo}-6-[( 1 R)- 1 -hydroxyethyO- 1 -methyl- 1 -carbap- 

erv2-em-3-carboxylate [prepared as described in step (a) above] were dissolved in 20 ml of a 3 : 2 by volume 
mixture of tetrahydrofuran and water, after which 0:33 ml of 1N aqueous hydrochloric acid was added, and the 
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mixture was hydrogenated by bubbling hydrogen through it at room temperature for 2 hours in the presence 
of 0.5 g of 1 0% w/w palladium-on-charcoai. At the end of this time, the catalyst was filtered off, and the filtrate 
was extracted with diethyl ether. The remaining aqueous layer was concentrated by vaporation under reduced 
pressure, and the resulting residue was purified by Lobar column chromatography (a product of Merck, LiChro- 
prep RP-8, size B), using water as the eluent Those fractions containing the title compound were combined, 
concentrated by evaporation under reduced pressure and lyophilised, to give 105 mg of the title compound as 
a colourless powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1759, 1652, 1595, 1460, 1378, 1286. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 O t using tetradeuterated sodium trimethyisflyi pro- 
pionate as an internal standard), 6 ppm: 

1.21 (3H, doublet, J = 7.3 Hz); 

1.28 (3H, doublet, J = 6.4 Hz); 

1.96- 2.10 (1H, multiplet); 

2.25 - 2.34 (2H. multiplet); 

3.00- 3.15 (1H, multiplet); 

3.33 - 3.54 (6H, multiplet); 

3.66 - 3.84 (7H, multiplet); 

3.91 - 3.96 (2H, multiplet); 

4.04- 4.13 (1H, multiplet); 

4.20 - 4.29 (2H, multiplet); 

4.81 -4.91 (1H, multiplet). 

EXAMPLE 16 

(1R,5S,6S)-2-[(2S.4S)-2-(4-Carbarnoylm^ 

droxyethyt}- 1 -methyl- 1 -carbapen-2-env3-carboxyllc acid hydrochloride 




16(a) 4-Nitrobenzyl (1R,5S,6S)-24(2S,4S)-2-(4-carbamoylmethyM-homo 
zyloxycartx>ny1)pyrrolkiin^yltW 

2.45 ml of diphenylphosphoryl chloride and 2.05 ml of diisopropylethylamine were added dropwise, whilst 
ice-cooling, to a solution of 3.98 g of 4-nitrobenzyt ( 1 R,5R t 6S)-6-{(1 R>- 1 -hydroxyethyl]- 1 -methyl-2-oxo- 1 -car- 
bapenam-3-carboxylate in 40 ml of dry acetonitrile, and the resulting mixture was stirred at the same temper- 
ature for 1 hour. At the end of this time, 1.85 ml of diisopropylethylamine and a solution of 4.88 g of (2S.4S)- 
4-meiropto-2-(4-carbamoylmethyl-1-honrK>p^ (pre- 
pared as described in Preparation 16) in 30 ml of dry acetonitrile were simultaneously added dropwise to the 
mixture, whilst ice-cooling, and the mixture was stirred at the same temperature for 1 hour. The reaction mixture 
was then diluted with 1 30 ml of acetonitrile and 200 ml of water, after which 1 .85 g of sodium hydrogencarbonate 
was added. The mixture thus obtained was purified by reverse phase column chromatography through 500 g 
of Cosmo Sil 75C 18 -PREP (a trade mark for a product of Nacalai Tesque), using 50% Wv aqueous acetonitrile 
as the eluent Those fractions containing the title compound were combined and concentrated to give 6.05 g 
of the titi compound, as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1772,1708.1521,1346. - - — — - - — 

Nuclear Magn tie Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 6 ppm: 

1.14- 1.20 (6H, multiplet); 

1 .59 - 1 .75 (3H, multiplet); 
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2.30 - 3.02 (6H, multiplet); 
3.13- 3.38 (2H, multiplet); 
3.42 - 3.70 (5H t multiplet); 
3.75 - 4.00 (2H ( multiplet); 
4.10 - 4.28 (2H, multiplet); 
4.68-4.83 (1H, multiplet); 
5.05 - 5.49 (6H. multiplet); 
7.08 - 7.22 (2H, multiplet); 
7.54 - 7.74 (4H, multiplet); 
8.20- 8.25 (4H t multiplet). 



16(b) (1R,5S,6S)-2-[(2S,4S)-2-(4-Carb^^ 

1- hydroxyethyll-1-methyl-1-carfaapert-2-em-3-carboxylicacid hydrochloride 

200 mg of 4-nitrobenzyl (1 R,5S ; 6S>2-I(2S f 4S)-2-(4-carbamoy1methyi-1 -homopiperazinylcarbonyl)- 1 -(4- 
nitrobenzyk>xycarbonyl)pyrrdidin-4-ylthio]^ 

[prepared as described in step (a) above] were dissolved in 20 mi of a 1 : 1 by volume mixture of tetrahydrofuran 
and water, after which 0.18 mJ of 1N aqueous hydrochloric acid were added to the mixture, which was then 
hydrogenated by bubbling hydrogen through it at room temperature for 2 hours in the presence of 0.3 g of 1 0% 
w/w palladtum-on-charcoaJ. The catalyst was then filtered off, and the filtrate was extracted with diethyl ether. 
The aqueous layer was concentrated by evaporation under reduced pressure, and the resulting residue was 
purified by column chromatography through a Lobar column (a product of Merck, LiChroprep RP-8, size B) t 
using water as the eluent Those fractions containing the title compound were combined, concentrated by evap- 
oration under reduced pressure and lyophilised, to give 30 mg of the tide compound as a colourless powder. 
Ultraviolet absorption spectrum (H 2 0) ^ nm: 
297. 

EXAMPLE 17 

(1 R,5S,6S)-2-[(2S,4S^2-(4-Aoetimidoylpiperazin-1 -yl-cart>onyl)pyrroiidin-4-yithiol-6-[(1 R)-1-hydroxyethyl}-1- 
methyl-1-carbapen-2-em-3-carboxylic acid hydrochloride 




1 7(a) 4-Nitrobenzyl (1 R t 5S ( 6S)-2^(2S t 4S)-2-[4-(N^nitroberizy1oxyc -ylcarbo- 

nylH^4-nitrobenzyloxycarbonyl)pyrro!^ 
carboxylate 

1 .45 ml of diphenyiphosphoryi chloride and 1 .22 ml of diisopropylethylamine were added dropwise, whilst 
ice-cooling, to a solution of 2.43 g of 4-nitrobenzyl (1R,5R,6S)-^(1R)-1-hydroxyethyl}-1-methyl-2-oxo-1-car- 
bapenam-3-carboxylate in 25 mi of dry acetonitrile, and the resulting mixture was stirred at the same temper- 
ature for 30 minutes. A solution of 3.99 g of (2§^4S)-4-men»pto-2-[4-{N^nitro 

doy!)piperazin-1-ylcafbonyi]-1-(4-nitrobenzyloxy (prepared as described in Preparation 

1 7) in 1 5 ml of dry acetonitrile and 1 .22 ml of diisopropylethylamine were then simultaneously added dropwise 
to the mixture, whilst ice-coding, and the mixture was stirred overnight at the same temperature. At the end 
of this tim , th reaction mixture was concentrated by evaporation under reduced pressure, and th resulting 
residue was dOuted with ethyl acetate. The diluted solution was washed. In turn, with an aqueous solution- of 
sodium hydrogencarbonate, with water and with an aqueous soluti n of sodium chlorid . The ethyl acetate layer 
was then dried over anhydrous sodium sulphate, and the solvent was removed by distillation under reduced 
pressure. The residue was purified by column chromatography through silica gel, using a 6 : 4 by volume mix- 
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tureof thyi acetate and acetonforfle as th eluent Those fractions containing th trU compound were combined 
and concentrated to give 5.17 g of the title compound, as a powder. 

The spectral data of this compound are identical with those of the compound prepared as described in Ex- 
ample 1 (a). 

1 7(b) (1 R,5S,6S)-2-[(2S,4S>-2-(4-Acetimkloytpiperazin-1 -ylcarbonyl)pyrrolidin-4-ylthio}-6-[(1 R)-1 -hydroxy e- 
thyl>1-methyl-1-caitaperH2-ern-3-carboxylic acid 

5.10 g of 4-nitrobenzyl (1f^5S t 6S)-2-{(2^4S>2-[4-(N^nito 
yicart>onyi>1-(4-nitroberTzylGX 

3-carboxylate [prepared as described in step (a) above] were dissolved In 100 ml of a 6 : 4 by volume mixture 
of tetrahydrofuran and water, and the mixture was hydrogenated by bubbling hydrogen through it at room tem- 
perature for 2.5 hours in the presence of 5.0 g of 10% w/w palladlum-on-charcoaJ. The catalyst was filtered 
off, and the f fltrate was washed with diethyl ether and then concentrated by evaporation under reduced pres- 
sure. The resulting residue was purif ied by reverse phase column chromatography through 250 ml of Cosmo 
Sil 75C 18 -PREP (a trade mark for a product of NacaJai Tesque), using water, 5% v/v aqueous acetonitrile and 
7% v/v aqueous acetonitrile, in that order, as the eluent Those fractions containing the title compound were 
combined, concentrated by evaporation under reduced pressure and lyophfllsed to give 940 mg of the title com- 
pound, as a powder. 

The spectral data of this compound are identical with those of the compound prepared as described in Ex- 
ample 1(b). 

1 7(c) (1 R,5S,6S)-2-[(2S,4S)-2-(4-Acetimidoy1 piperazin-1 -ylcarbonyl)pyrrolidin-4-ylthio]-6-[(1 R)-1 -hydroxy e- 
thy|}-1-methyl-1-carbapen-2-em-3-carfaoxylic acid hydrochloride 

200 mg of (1F^5S,6^2^(2S ( 4S)-2-(4-acetimidoy^ 
droxyethyi]- 1 -methyl- 1 -carbapen-2-em-3-carboxylic acid [prepared as described in step (b) above] were dis- 
solved in 5 ml of water, after which 0.43 ml of 1N aqueous hydrochloric acid was added. The resulting mixture 
was worked up and purified by reverse phase column chromatography through 30 ml of Cosmo Sil 75C 18 -PREP 
(a trade mark for a product of Nacalai Tesque), using water as the eluent Those fractions containing the titJ 
compound were combined and lyophilised to give 149 mg of the title compound as a powder. 
Infrared Absorption Spectrum (KBr), Vmax crrr 1 : 

1756, 1656, 1620, 1450, 1382, 1252. 
Ultraviolet absorption spectrum (H 2 0) Xmn nm: 
297. 

Nuclear Magnetic Resonance Spectrum (D 2 O t 270 MHz), 6 ppm: 
1.21 (3H, doublet, J = 7.3 Hz); 
1.29 (3H, doublet, J = 6.4 Hz); 
1.97-2.07 (1H, multiplet); 
2.35 & 2.36 (together 3H, two singlets); 

3.02- 3.14 (1H, multiplet); 
3.31 -3.43 (1H, multiplet); 
3.45 - 3.53 (2H, multiplet); 
3.68 - 3.88 (9H, multiplet); 

4.03- 4.12 (1H, multiplet); 
4.20 - 4.30 (2H, multiplet); 
4.82 - 4.90 (1H, multiplet). 
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EXAMPLE 18 

(IR.SS.eS^-fgS^^-KSS^Aminopyrrolidi^^ )-6-[(1R)-1-hydroxyethy1}-1 
methyl- 1 -CTroapen-2-env 3-carboxyl tc acid hydrochloride 




18(a) 4-Nitrobenzyl (1R,5S,6S)-2-{(2S,4S)-2-[(3S)-3-(4-nitrobenzyloxyc^^ 

ny |}- 1 -(4-nitroben2yloxycart)onyl)pyrrolidin-4-yl thio}-6-[(1 R)- 1 -hydroxyethyll- 1 -methyl- 1 -camapen-2-em-3- 
carboxylate 

453 til of diphenylphosphoryl chloride and 381 ul of diisopropyiethytamine were added dropwise, whilst 
ice-cooling, to a solution of 760 mg of 4-nitrobenzyt (1R,5R,6S)-6-I(1R)-1-hydroxyethyl]-1-methyt-2-oxo-1-car- 
bapenam-3-carboxylate in 6 ml of dry acetonforile, and the resulting mixture was stirred at the same temperature 
for 1 hour. Asolution of 1 .26 g of (2S,4S)-4-mercapto-2-[(3S)-3-(4-nito^ 

ylc»rt>ony1}-1-(4-nitrobenzytoxycarbonyl)pyrrolidine (prepared as described in Preparation 18) in 5 ml of dry 
acetonitrile and 364 ul of diisopropylethylamine were then simultaneously added dropwise to the mixture, whilst 
ice-cooling and the mixture was stirred at the same temperature for 3 hours. At the end of this time, the solvent 
was removed by distillation under reduced pressure, and the resulting residue was diluted with 70 ml of ethyl 
acetate. The diluted solution was then washed, in turn, with water, with a saturated aqueous solution of sodium 
hydrogencarbonate, with water and with a saturated aqueous solution of sodium chloride, in that order. The 
washed organic solution was then dried over anhydrous magnesium sulphate, and the solvent was removed 
by distillation under reduced pressure. The resulting residue was purified by column chromatography through 
silica gel, using a 4 : 96 by volume mixture of methanol and ethyl acetate as the eluent, to give 1.01 g of the 
title compound, as a powder. 

Infrared Absorption Spectrum (KBr). cnrr 1 : 

3377, 1774, 1713, 1648, 1607, 1521, 1346, 852, 736. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 8 ppm: 

1.15- 1.18 (6H, multiplet); 

1.70-2.20 (2H, multiplet); 

2.77 - 2.85 (1H, multiplet); 

3.12 - 4.27 (14H, multiplet); 

4.49 - 4.64 (1H, multiplet); . _ . . 

5.05 - 5.49 (7H, multiplet); 
7.48 - 7.82 (6H, multiplet); 
8.17 - 8.25 (6H, multiplet). 

1 8(b) (1 R,5S,6S)-2-{(2S.4S)-2-[(3Sy3-Aminopyrro^ R)-1 -hydroxy e- 

myl}*1-memy1-1-cart>apen-2-em-3-carboxyiic acid hydrochloride 

1.0 g of 4-nitrobenzyi (1F^5§^6S)-2-{(2§^4S)-2-[(3S)-3-(4-ri 
carbonylh 1 -(4-nitrobenzyloxycartx)nyl)pyrr^ W 

3-carboxylate [prepared as described in step (a) above] were dissolved In 30 ml of a 2 : 1 by volume mixture 
of tetrahydrofuran and water, after which 1 .0 ml of 1 N aqueous hydrochloric acid was added, and the mixture 
was hydrogenated by bubbling hydrogen through it at room temperature for 2 hours In the presence of 1 .5 g 
of 10% w/w palladtum-on-charcoal. The catalyst was filtered off, and the f Qtrate was washed with diethyl ther. 
The washed aqueous solution was concentrated by evaporation under reduced pressure, and the residue was 
purified by reverse phase column chromatography through 19 ml of Cosmo Sil 75C 18 -PREP (a trade mark for 
a product of Nacalal Tesque), using water as the eluent Th se fractions containing the title compound were 
combined, concentrated by evaporation under reduced pressure and lyophSised to give 1 69 mg of the title com- 
pound as a powder. 
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Infrared Absorption Spectrum (KBr), cnr 1 : 

3397, 1758, 1653, 1587, 1465, 1386. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D2O, using tetradeuterated sodium trimethylsflylpro- 
pionate as an internal standard), 5 ppm: 

1.21 (3H, doublet J = 7.32 Hz); 

1.29 (3H, doublet, J = 6.35 Hz); 

1.97 - 2.19 (1H, multiplet); 

2.21 - 2.29 (1H, multiplet); 

2.36 - 2.60 (1H, multiplet); 

3.02- 3.14 (1H, multiplet); 

3.32 - 3.43 (1 H, multiplet); 

3.45 - 3.53 (2H, multiplet); 

3.57 - 3.90 (5H, multiplet); 

3.98- 4.17 (2H, multiplet); 

4.20 - 4.29 (2H, multiplet); 

4.63 - 4.82 (1H, multiplet). 



EXAMPLE 19 

(1R,5S,6S)-2-{(2S,4S)-2-[(3S)-PyrroH 

methyl- 1-carbapen-2-em-3-carboxylic acid hydrochloride 




19(a) 4-Nitrobenzyl (1 R,5S,6S)-2-{(2S,4S)-2-[(3S)-1-(4-nitrobenz^ 

nyfri-(4-nitrobenzyloxycart>onyl)pyrr^ 

carboxylate 

253 ui of diphenytphosphoryl chloride and 212 ul of diisopropyiethylamine were added dropwise, whilst 
ice-cooling, to a solution of 420 mg of 4-nrtrobenzyl (1R,5R,6S)-6-[(1R)-1-hydroxyethyl}-1-methyt-2-oxo-1-car- 
bapenam-3-carboxylata in 4.2 ml of dry acetonitrile, and the resulting mixture was stirred at the same temper- 
ature for 1 hour. A solution of 913 mg of (2^4S)-4-mercapto-2-[(3S)-1-(4-nitrobenzyloxycart>onyl)p 
ylaminocait>ony1}-1-(4-nitrobenzyloxycarbonyl)pyrrolidine (prepared as described in Preparation 19) in 5 ml of 
dry acetonitrile and 404 pi of diisopropyiethylamine were then simultaneously added dropwise to the mixture, 
whilst ice-cooling, and the mixture was stirred at the same temperature for 7 hours and then allowed to stand 
overnight at the same temperature. At the end of this time, 101 ui of diisopropyiethylamine were added, and 
the mixture was stirred at the same temperature for 1 hour. The reaction mixture was then worked up and puri- 
fied by the same procedure as described in Example 1 8(a), to give 504 mg of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), cmr 1 : 

3385, 1775, 1709, 1607, 1522, 1346, 853, 737. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 8 ppm: 

1.15- 1.18 (6H. multiplet); 

1.69 - 2.07 (3H, multiplet); 

2.60 - 2.80 (1H, multiplet); 

3.10 - 3.70 (9H, multiplet); 

3.80 - 4.35 (6H. multiplet); 

5.15 - 5.48 (6H, multiplet); — ^ • — - 

7.57 - 7.73 (6H, multiplet); 
8.21 - 8.33 (6H, multiplet). 
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19(b) (1R,5S,6S)-2K(2S,4S)-2-[(3S)-Pyr^ 
1-methyM-carbapen-2-em-3-carboxylic acid hydrochloride 

475 mg of 4-nitrobenzyl (1l^5S,6S)-2-{(2S,4S)-2-[(3S)-1-(4-nitrote^ 
5 rart>onyl]-1-(4-nitrobenzyfoxycato 

3-carboxylate [prepared as described in step (a) above] were dissolved in 1 5 ml of a 2 : 1 by volume mixture 
of tetrahydrofuran and water, after which 0.45 ml of 1N aqueous hydrochloric acid was added, and the mixture 
hydrogenated by bubbling hydrogen through it at room temperature for 2 hours in the presence of 1 g of 10% 
w/w palladium-on-charooal. At the end of this time, the reaction mixture was worked up and purified by the same 
10 procedure as described in Example 18(b), to give 46 mg of the title compound as a powder. 
Infrared Absorption Spectrum (KBr), cnrr 1 : 

3367. 1760, 1683. 1558, 1390, 1281. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0, using tetradeuterated sodium trimethylsnyf pro- 
pionate as an internal standard), 6 ppm: 
15 1 .21 (3H, doublet, J = 7.33 Hz); 

1.28 (3H, doublet, J = 6.35 Hz); 
2.04 - 2.24 (2H, multiplet); 
2.33 - 2.46 (1H, multiplet); 
2.88 - 3.00 (1H, multiplet); 
20 3.31 - 3.56 (6H, multiplet); 

3.59-3.67 (1H, multiplet); 
3.77 - 3.84 (1H, multiplet); 
4.04- 4.13 (1H, multiplet); 
4.20 - 4.29 (2H. multiplet); 
25 4.47 - 4.56 (2H. multiplet). 

EXAMPLE 20 



(1R,5S,6S)-2-{(2S,4S)-2-[(3R^Pyrro1idin-3-yla^ 
30 methyM-carbapen-2-em-3-carboxylic acid hydrochloride 



35 




40 

20(a) 4-Nitrobenzyl (1 R,5S,6S)-2-{(2S,4S)-2-[(3R)-1-(4-nitrobenzyloxycart>onyl)pyrrolidin-^ 

ny1H-(4-nitrobenzyloxyCTi1X)^ 
carboxylate 

45 Following a procedure similar to that described in Example 1 9(a), but using 1 .06 g of (2S,4S)-4-mercapto- 

2- [(3R)-1^4-nitrobenzyloxycart>ony^ 

(prepared as described in Preparation 20) instead of the (2S,4S)-4-mercapto-2-[(3S>-1-(4-nitrobenzyloxycar- 
bonyl)pyrrolidirv3-ylaminocarbonyf]-1-(4-nito 540 mg of the title compound 

were obtained as a powder. 

50 

(20b) (1 R.5S,6S)-2-{(2S,4S)-2-[(3R)-Pyrroiidin-3-ylam^ R)-1 -hydroxy e- 

thyll-1-methyl-1-carbapen-2-em-3-cart)oxylic acid hydrochloride 

500 mg of 4-nitrobenzyl (1f^5^6S>2-{(2^4S)-2-[(3F^1-(4-nitrobenz 
-* *s cart>ony1>1-(4-nitro benzyl oxycartw 

3- carboxylate [prepared as described In step (a) above] were dissolved in 20 ml of a 1 : 1 by volume mixture 
of tetrahydrofuran and water, after which 0.47 ml of 1 N aqueous hydrochloric acid was added, and the mixture 
was hydrogenated by bubbling hydrogen through it-at room temperature for 2 hours in the presence of 1 g of 
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1 0% w/w paQadium-on-charcoal. The reaction mixture was then worked up and purified by th same procedure 
as described in Exmapie 18(b), to grv 43 mg of the title compound as a powder. 
Ultraviolet absorption spectrum (H 2 0) )u nm: 
297. 

EXAMPLE 21 

(1R,5S,6S)-2-{(2S,4SV2-K3S)-3-Dimeth^ 
yethyi}-1-methyl-1-carbapen-2-em-3-cart>oxyiic acid hydrochloride 




21(a) 4-Nitrobenzyl (1R,5S,6S)-2-{(2S,4S)-2-[(3S)-3-dimethylaminopy^^ 
loxycarbonyl]pyrrolidin-4-ylthio]-6-{(1Ryi-hydro 

880 pi of diphenylphosphoryi chloride and 740 \it of diisopropyiethylamine, whilst ice-cooling, were added 
dropwise to a solution of 1.46 g of 4-nitrobenzyl (1^5^6S)-6-[(1R)-1-hydroxyethyl]-1-methyl-2-oxo-1-carba- 
penam-3-carboxytate in 1 2 ml of dry acetonitrile, and the resulting mixture was stirred at the same temperature 
for 0.5 hours. A solution of 1.70 g of (2^4S)^mercapto-2-[(3^3^irrwthylaminopyrrolidin-1 -ylcarbonyl]- 1 -(4- 
nitrobenzyloxycarbonyQpyrrolidine trifluorosulphonate (prepared as described in Preparation 21) in 8 ml of dry 
acetonitrile and 700 \xi of diisopropyiethylamine were then simultaneously added dropwise to the mixture, whilst 
ice-cooling, and the mixture was stirred at the same temperature for 2.5 hours. At the end of this time, the re- 
action mixture was worked up and purified by the same procedure as described in Example 18(a), to give 1.65 
g of the title compound, as a powder. 

Infrared Absorption Spectrum (KBr), crrr 1 : 

1773, 1711, 1650, 1607, 1522, 1346, 854, 738. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 5 ppm: 

1.15 (3H, doublet, J = 3.42 Hz); 

1.18 (3H, doublet, J = 3.90 Hz); 

2.09 (2H, doublet. J = 8.3 Hz); 

2.17 (1H. singlet); 

2.70 - 3.93 (17H t multiplet); 

3.95 - 4.08 (1 H, multiplet); 

4.11-4.20 (1H, multiplet); 

4.23 - 4.29 (1H, multiplet); 

4.55 - 4.66 (1 H, multiplet); 

5.06 - 5.75 (4H, multiplet); 

7.53 - 7.74 (4H, multiplet);- 

8.21 - 8.25 (4H, multiplet). 

21 (b) (1 R,5S,6S)-2-{(2S,4S)-2-t(3S)-3-Dimethylamjn^ R)-1 - 

hydroxyethyl}-1-methy>-1-carbapen-2-ern-3-carboxylic acid hydrochloride 

306 mg of 4-nitrobenzyl (1R,5S,6S)-2K(2^4^2-[(3S)-3-d^ 
trobenzyloxycarbonyt)pyrrolidin-4-yfthlo}-6-[(1 R)-1 -hydroxyethyll-1-methyl-1-carbapen-2-em-3-carboxylate 
[prepared as described in step (a) above] were dissolved in 1 2 ml of a 2 : 1 by volume mixture of tetrahydrofuran 
and water, after which 0.38 ml of 1N aqueous hydrochloric acid was added, and the mixture was hydrogenated 
by bubbling hydrogen through it at room temperature for 2 hours irrth presence of 600 mg of 10% w/w palla- 
dium-on-charcoal. The reaction mixture was then worked up and purified by the same procedure as described 
in Exampl 18(b), to giv 19 mg of the title compound as a powder. 
Infrared Absorption Spectrum (KBr), v^ crrr 1 : 
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3385, 1764 # 1656, 1553, 1466, 1375. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D2O, using tetradeuterated sodium trimethylsQyipro- 
pionat as an internal standard), 6 ppm: 

1.22 (3H, doublet, J = 7.32 Hz); 
1.28 (3H, doublet, J = 6.35 Hz); 

1.95 - 2.10 (1H, multiplet); 
2.15-2.35 (3H, multiplet); 
2.5 - 2.7 (1H, multiplet); 

2.96 - 2.97 (6H, multiplet); 
3.00- 3.15 (1H, multiplet); 
3.37 - 3.43 (1H, multiplet); 
3.46 - 3.52 (2H, multiplet); 
3.56 - 3.70 (2H, multiplet); 
3.73-4.11 (6H, multiplet); 
4.15- 4.30 (2H, multiplet). 

EXAMPLE 22 

(1 R,5S,6S)-2-{(2S t 4S>>2-[(3S)-3-Methyiaminopyrrolidin-1 -ylcarbonyl]pyrrolidin-4-ylthio}-6-[(1 R)-1-hydroxye- 
thyi}-1-methyl-1-cart)apen-2-em-3-carboxyiic acid hydrochloride 




22(a) 4-ISIitrobenzyi (1R,5S,6S)-2-{(2S t 4S)-2-[(3S)-3-N-methyl-N^ 

1- ylrarbony1)-1-(4-nitrobenzy1oxycart>o^ 

2- em-3-carboxylate 

Following a procedure similar to that described in Example 18(a), but using 620 mg of (2S,4S)-4-mercapto- 
2-[(3S)-3-N-methyi-N-(4-nitrobenzyioxycait^ 

rolidine (prepared as described in Preparation 22) instead of the (2S,4S)-4~mercapto-2-[(3S)-3-(4-nitro 
loxy<^rbonyt)aminopyrrolidin-1-y1(^it^ 630 mg of the title com- 

pound were obtained. 

22(b) (1 R,5S,6S)-2-{(2S,4S>2-[(3S)-3-Methytami R)- 1- hy- 

droxy ethyl}- 1 -methyl- 1-carbapen-2-em-3-carboxylic acid hydrochloride 

580 mg of 4-nrtrobenzyl (1R,5S,6S)-2-{(2S,4S)-2-[(3S)-3-N-methy^ 
pyrrolidin-1-ylcart>onyll-1-(4-nitrobenzyloxycart>onyl)^ 

bapen-2-em-3-carboxylate [prepared as described in step (a) above] were dissolved in 12 ml of a 1 : 1 by vol- 
ume mixture of tetrahydrofuran and water, after which 0.55 ml of 1N aqueous hydrochloric acid was added, 
and the mixture was hydrogenated by bubbling hydrogen through it at room temperature for 2 hours in the pres- 
ence of 700 mg of 10% w/w palladium-on-charcoal. At the end of this time, the reaction mixture was worked 
up and purified by the same procedure as described in Example 18(b), to give 53 mg of the title compound as 
a powder. 

Ultraviolet absorption spectrum (H 2 0) nm: 
297. 
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EXAMPLE 23 



(1R,5S,6SHK(2S,4S)-2-f(3S)-Acetim^^ 
yethyt]-1-methyi-1-carbapen-2-em-3-cart)oxylic acid 



OH 



CH 3 




23(a) 4-Nitrobenzyl (1 R,5S,6S)-2-{(2S ( 4S)-2-[(3S)-3-(N-4-nitrobenzylox^ 

dirv1-ylcart>onylH-(4-nitrobenzyiox^ 

bapen-2-em-3-carboxylate 

231 \xt of diphenylphosphoryl chloride and 194 \ii of diisopropylethylamine, whilst ice-cooling, were added 
dropwise to a solution of 384 mg of 4-nitrobenzyl ( 1 R, 5 R, 6S)-6-{( 1 R)- 1 - hy droxyethyi]- 1 -methyi-2-oxo- 1 -car- 
ba pe n am-3-carboxyiate in 6 ml of dry acetonitrile, and the resulting mixture was stirred at the same temperature 
for 45 minutes. A solution of 652 mg of (2^4S)-4-mercapto-2-[(3S)-3-(N-4^ 

1amino)pyrrolidirw1-yicarbony1M-(4-^ (prepared as described in Preparation 

23) in 4 ml of acetonitrile and 1 85 \xt of diisopropyiethylamine were then simultaneously added dropwise to the 
mixture, and the mixture was stirred at the same temperature for 3 hours. At the end of this time, the reaction 
mixture was concentrated by evaporation under reduced pressure. The resulting residue was diluted with ethyl 
acetate and the diluted solution was washed with water and with an aqueous solution of sodium chloride. The 
ethyl acetate solution was dried over anhydrous magnesium sulphate and the solvent was removed by distil- 
lation under reduced pressure. The resulting residue was purified by column chromatography through silica 
gel, using a 9 : 9 : 1 by volume mixture of methylene chloride, ethyl acetate and methanol as the eluent Those 
fractions containing the title compound were combined and concentrated to give 510 mg of the title compound, 
as a powder. 

Infrared Absorption Spectrum (KBr), Vmax cm -1 : 

1774, 1709, 1654, 1607. 1551, 1521, 1441, 1404, 1346. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 0, 270 MHz), 5 ppm: 

1.15 (3H, doublet, J = 6.35 Hz); 

1.16 (3H, doublet, J = 7.32 Hz); 
1.60 - 2.28 (2H, multiset); 
2.10 (3H, singlet); 

2.69 - 2.93 (1H, multiplet); - 
3.10 - 4.72 (14H, multiplet); 
5.04 - 5.51 (6H, multiplet); 
7.46 - 7.76 (6H, multiplet); 
8.14 - 8.28 (6H, multiplet). 



23(b) (1 R«5S,6S)-1 -{(2S,4S)-2-t(3S)-Acetimidoytaminopyr^^ RH • 

hydroxyethyl>1-methyl-1-carbapen-2^nfv3-carboxylic acid 

500 mg of 4-nitrobenzyl (1F^5S,6S)-2-{(2§^4S)-2-[(3S)^^-4-ni^ 
no)pyrrolidirv1-ylcart>onylH^4-nito 

1-carbaperv2-env3-carboxylate [prepared as described in step (a) above] were dissolved in 16 ml of a 1 : 1 
by volume mixture of tetrahydrofuran and water, and the mixture was hydrogenated by bubbling hydrogen 
through it at room temperature for 2 hours in the presence of 400 mg of 10% w/w pafladhim-on-charcoal. The 
catalyst was then filtered off, and the f fltrate was washed with diethyl ether. Th aqueous layer wae-concen- 
trated by evaporation under reduced pressure, and the concentrate was purified by reverse phase column chro- 
matography through 20 ml of Cosmo Sil 75C 18 -PREP (a product of Nacalai Tesqu ), using 6% v/v aqueous 
acetonitrile as th eluent Those fractions containing the title compound were combined, concentrated by evap- 
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oration under reduced pressure and lyophilised, to grv 136 mg of th title compound as a powder. 
Ultraviolet absorption spectrum (H 2 0) ^ nm: 
298. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1756, 1632, 1590. 1451, 1386, 1283, 1259. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 O t using tetradeuterated sodium trimethylsflylpro- 
pionate as an internal standard), 6 pprm 

1.22 (3H, doublet, J = 7.32 Hz); 
1.30 (3H, doublet, J = 6.35 Hz); 
1.57-1.71 (1H, multiplet); 
1.97-2.51 (2H, multiplet); 

2.23 & 2.25 (together 3H, two singlets); 
2.64-2.81 (1H, multiplet); 

3.05 (1H, doublet of doublets, J = 12.21 & 3.91 Hz); 
3.18 (1H, doublet of doublets, J = 12.21 & 5.86 Hz); 
3.43 (1H, doublet of doublets, J = 6.35 & 2.24 Hz); 
3.32 - 4.06 (7H, multiplet); 

4.22 (1H, doublet of doublets, J = 9.28 & 2.44 Hz); 
4.18 - 4.43 (2H, multiplet). 



EXEMPLE 24 



(1R,5S,6S)-2-{(2S,4S)-2-[(3S)-Formim^ 
droxyethyl}-1-methyl-1-carbapen-2-em-3-carboxylic acid 




24(a) 4-Nitrobenzyl (1R,5S,6S)-2-{(2S,4S)-2-[(3S)-3-(N-4-nitroberugyloxycarbon 

din1-yicart>onylH^4-nitrobenzyloxycart)on^ 

en-2-em-3-carboxylate 

250 ul of diphenylphosphoryl chloride and 210 ul of diisopropyiethylamine were added dropwise, whilst 
ice-cooling, to a solution of 417 mg of 4-nHrobenzyi (1^5K6S>6-{(1R)-1-hydroxyethyi}-1-methyl-2-oxo-1-car- 
bapenam-3-carboxyiate in 8 ml of dry acetonitrile, and the resulting mixture was stirred at the same temperature 
for 1 hour. A solution of 659 mg of (2^4S)-4-meirapto-2-[(3S)-3-(N^nitobenz^ 

no)pyrrolidirv1-ylcartonylH-(4-nitro^ (prepared as described in Preparation 24) 

in 7 ml of dry acetonitrile and 210 uf of diisopropyiethylamine were then simultaneously added dropwise to th 
mixture, whilst ice-cooling, and the mixture was stirred at the same temperature for 1 hour and then allowed 
to stand overnight at the same temperature. At the end of this time, the reaction mixture was worked up and 
purified by the same procedure as described in Example 23(a), to give 593 mg of the title compound, as a pow- 
der. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1772, 1707, 1655, 1605, 1521, 1444, 1346, 1210, 1136, 1111. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 + D 2 O t 270 MHz), 6 ppm: 

1.25 (3H, doublet, J = 7.32 Hz); 

1 .36 (3H, doublet, J « 6.35 Hz); 

1 .75 - 2.80 (4H, multiplet); 

3.22 - 4.32 (12H, multiplet); - -—-n ~. • _ ^ 

4.40 - 4.65 (1H, multiplet); 
5.12 - 5.55 (6H, multiplet); 
- 7.38 - 7.69 (6H, multiplet); 
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8.06 - 8.31 (6H, multiplet); 
8.42 (1H, singlet). 

24(b) (1 R.5S,6S)-2-{(2S,4SV2-[(3S)-Formfmidoylaminopy^ R)-1- 
hydroxyethyl}- 1 -methyl 1 -cartoapen-2-enrh3-carboxyl ic acid 

570 mg of 4-nrtro benzyl (1R,5S,6S)-2-{(2S,4S)-2- [(3§)-3-(r^nitrobenzyloxycarbonyfformim 
no)pyrrolidiiv1-ylcart>onylJ-1-(4-nitro^ 

1 -carbapen-2-em-3-carboxylate [prepared as described in step (a) above] were dissolved in 20 ml of a 1 : 1 
by volume mixture of tetrahydrofuran and water, and the mixture was hydrogenated by bubbling hydrogen 
through rt at room temperature for 2 hours in the presence of 450 mg of 10% w/w palladium-on-charcoal. At 
the end of this time, the reaction mixture was worked up and purified by the same procedure as described in 
Example 23(b) to give 125 mg of the title compound as a powder. 
Ultraviolet absorption spectrum (H 2 0) nm: 
300. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1755, 1634, 1592, 1455, 1388, 1286. 1260, 1182, 1148. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 O f using sodium tetradeuterated trimethylsilylpro- 
pionate as an Internal standard), 5 ppm: 

1.22 (3H, doublet, J = 7.32 Hz); 

1.30 (3H, doublet, J = 6.35 Hz); 

1.58-1.75 (1H. multiplet); 

1.98 - 2.53 (2H, multiplet); 

2.64 - 2.86 (1H, multiplet); 

3.07 (1H, doublet of doublets, J = 12.21 & 3.91 Hz); 
3.21 (1H, doublet of doublets, J = 12.21 & 5.86 Hz); 
3.32- 4.12 (8H f multiplet); 

4.17 - 4.53 (3H, multiplet); 

7.80, 7.82, 7.95 & 7.96 (together 1H, four singlets). 
EXAMPLE 25 

(1R,5S,6S)-2-{(2S,4Sy2-[(3R)-1-Formimidoytp^ 
droxyethyl)- 1 -methyl- 1 -carbapen-2-em-3-carboxylic acid 




25(a) 4-Nitrobenzyl (1 R,5S,6S)-2-{(2S,4S)-2-[(3S)-1 -(N-4-nitrobenzy1oxycarbony1formimidoy1)pv^ 

aminocarbony1H-(4-nitrobenzyloxycai^ 

en-2em-3-carboxylate 

225 til of diphenylphosphoryl chloride and 189 nf of diisopropylethylamine were added dropwise, whilst 
ice-cooling, to a solution of 374 mg of 4-nitrobenzyl (1 R,5R,6S)-6-{(1 R)-1-hydroxyethyl]-1-methyl-2-oxo-1-car- 
bape^am-3-carboxylate in 5 ml of dry aoetonitrile, and the resulting mixture was stirred at the same temperature 
for 1 hour. A solution of 620 mg of (2^4S)-4-mercapto-2-[(3S)-1-(N-4-nitrobenzyl xycarbonytfbrmimid yl)pyr- 
roIidirv3-ylaminocarbonylH-(4~nitrobenzytoxycarto nyi) pyrrolidine (prepared as described in Preparation 25) 
in 5 ml of dry acetonitrile and 189 \ii of diisopropylethylamine were then simultaneously added dropwise to the 
mixture, whilst Ice-coding, and the mixture was stirred at the same temperature for 1 hour, after which it was 
allowed to stand overnight at the sam temperature. At the end of this time, the reaction mixture was worked 
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up and purified by the same procedure as described in Exampl 23(a), to give 250 mg of the title compound, 
as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1774, 1710. 1605, 1520, 1450, 1346, 1220, 1157, 1108. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 + 0 2 O, 270 MHz), & ppm: 
1.27 (3H, doublet. J = 7.32 Hz); 

1.36 (3H, doublet, J = 6.35 Hz); 
2.01 - 2.38 (2H, multiple!); 
3.23 - 4.62 (14H, multiplet); 
5.10- 5.36 (6H, multiplet); 

5.37 - 5.52 (1 H, multiplet); 
7.42 - 7.68 (6H, multiplet); 
8.11 - 8.28 (6H, multiplet); 
8.63 (1H, singlet). 

25(b) (1 R,5S,6S)-2-{(2S l 4SV2-[(3R)-1-FormimkioylpyrrdidirH3-ylaminocart)on R>- 
1 -hydroxyethyll-1 -methyM -carbapen-2-em-3-carboxyl ic acid 

205 mg of 4-nitrobenzyl (1R,5^6S>2^(2S^4S)-2-[(3S)-1-(N^nitro benzyl 
lidin-3-ylaminocart>onyil-1-(4-nitrobenzyloxycaito 

bapen-2-em-3-carboxyiate [prepared as described in step (a) above] were dissolved in 12 ml of 1 : 1 by volume 
mixture of tetrahydrofuran and water, and the mixture was hydrogenated by bubbling hydrogen through it at 
room temperature for 2 hours in the presence of 160 mg of 10% w/w pailadium-on-charcoal. At the end of this 
time, the reaction mixture was worked up and purified by the same procedure as described in Example 23(b), 
to give 50 mg of the title compound as a powder. 

Ultraviolet absorption spectrum (H 2 0) nm: 
299. 

Infrared Absorption Spectrum (KBr), crrr 1 : 

1754, 1710, 1657, 1586, 1449, 1427, 1386, 1285, 1262, 1182, 1146. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0, using sodium tetradeuterated trimethylsilyl pro- 
pionate as an internal standard), 8 ppm: 

1.21 (3H, doublet, J =» 7.32 Hz); 

1.30 (3H, doublet, J = 6.35 Hz); 
1.75 - 3.04 (5H, multiplet); 

3.31 - 4.95 (1 2H, multiplet); 

8.01 & 8.03 (together 1H, two singlets). 

EXAMPLE 26 

(1R,SS,6S)-2^(2S,4S)-2-[(3SH-Acetim^^ 
droxyethyi>1-methyl-1-carbapen-2-em-3-carboxylic acid 




CH 3 

26(a) 4-Nitro benzyl (1 R,5S,6S)-2K(2S,4S)-2-[(3S)-1-(N^ni^ 
aminocart>onylH-(4-nitrobenzy1oxycai^ 

en-2-em-3-cart>oxylate -- - - . . ~- 

Foil wing a procedure sinrriar to that described in Exampl 23(a), but using 422 mg of 4-nitrobenzyl 
(1F^5R,6^6-[(1F^1-hydroxyethylMH^^ and 717 ™9 f (2S,4S)-4- 
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mercapto-2-[(3S)-1 -(N^nftrobenzyloxycaroonylacetimido^ 

ycarbony!)pyrrolidine (prepared as described in Preparation 26), 535 mg of the title compound w re obtained 
as a powder. 

5 26(b) (1 R.5S t 6S)-2K(2S t 4S)-2*[(3S)-1-Acetimidoylpyrrolidin-3-yiaminocarb RV- 
1*hydroxyethy1]-1-methyH-carbapen-2-env3-carboxytic acid 

Following a procedure simOar to that described in Example 23(b), but using 523 mg of 4-nitrobenzyt 
(1f^5S,6S)-2-{(2^4S)-2-[(3S)-1-(h^njtro 
10 benzyioxycart>onyl)pyrrolidirh4-y1thto^ [pre- 
pared as described in step (a) above], 128 mg of the title compound were obtained as a powder. 
Ultraviolet absorption spectrum (H 2 0 nm: 
299. 

15 EXAMPLE 27 

(1R,5S.6S)-2K(2S t 4S)-2-[(3RH-Formimi^ 
droxyethyl]-1-methyM -carbapen-2-em-3-carboxy1ic ackJ 



30 27(a) 4-Nitrobenzyl (1 R,5S,6S)-2K(2S t 4S)-2-[(3R)-1-(N-4-nitrobenzyloxy 
aminocartK)nyl}-1-(4-nitrobenzyloxycart>onyl)pyrrolidin^y1thio}-6-[(1R^ 
en-2-em-3-carboxylate 

Following a procedure similar to that described in Example 23(a), but using 464 mg of 4-nitrobenzyl 
35 (1R,5R,6S)-6-[(1R)-1-hydroxyethyi}-1^ethyi-2-oxo-1-cart)apenaiTV and 788 mg of (2S,4S)-4- 

mercapto-2-[(3F^1-(N^-nitrobenzyio 

carbony1)pyrrolidine (prepared as described in Preparation 27), 548 mg of the title compound were obtained, 
as a powder. 

40 27(b) (1 R,5S,6S)-2K(2S.4S)-2-[(3RH-FormimKoyl^ R>- 
1 -hydroxyethyl]- 1 -methyl- 1 -carbapen-2-em-3-carboxyl ic acid 

Following a procedure simQar to that described in Example 23(b), but using 530 mg of 4-nitrobenzyl 
(1 R,5S ,6S)-2-[(2S,4S)-2-[(3R)-1 -(N^nforobenzyloxycarbonylfb^ 
45 nitrobenzyloxycaroony1)pyrrolidirh^y1thio]-6^ 

[prepared as described in step (a) above], 1 33 mg of the title compound were obtained as a powder. 
Ultraviolet absorption spectrum (H 2 0) ^ nm: 
300. 



25 




50 



55 



75 



EP 0 518 558 A1 

EXAMPLE 28 

(1 K5S ( 6S)-24(2S t 4S)-2-rN-Methy1^^ R>1 -hydroxye- 

thyl>1-methyl-1-carbapen-2-ern-3-cart>oxylic acid hydrochloride 




28(a) 4-Nitro benzyl (1R,5S,6SV2-{(2S t 4S)-2^methy1-hH(3SH-(4-n!tro^ 

yl]rarbamoy1H-(4-nrtrobenzy1oxycart)on^ 

2-em-3-cartooxy1ate 

Following a procedure similar to that described in Example 19(b), but using 1 .09 g of (2S,4S)-4-mercapto- 
2-{(N-methyi-N-[(3S)-1-(4-nitn)benzylox^ 

rolidine instead of the (2S,4S)-4-mercapto-2-{(3S)-1-(4-nitroben^ 

1-(4-nrtrobenzyioxycarbonyi)pyrrolidine, 550 mg of the title compound were obtained as a powder. 

28(b) (1 R t 5S t 6S)-2^(2S t 4S)-2-[N-Methyi-N-((3S)-3-pyrrolidinyl)cafbamoy1]pyrrD^ R)-1 -hy- 

dfDxyethyl]-1-methyl-1-carbapen-2-em-3-carboxylic acid hydrochloride 

500 mg of 4-nitrobenzyt (1F^5S,6S)-2-{(2S,4S)-2-{N-methyl-^ 
lidin-3-yl]cart)amoyl}-1-(4-nitroben2yloxycarbonyl>-pyrrolklin^ 

bapen-2-en>3-carboxyiate [prepared as described in step (a) above] were dissolved in 20 ml of a 1 : 1 by vol- 
ume mixture of tetrahydrofuran and water, after which 0.45 ml of 1N aqueous hydrochloric acid was added, 
and the mixture was hydrogenated by bubbling hydrogen through it at room temperature for 2 hours in the pres- 
ence of 700 mg of 10% w/w palladium-on-charcoal. At the end of this time, the reaction mixture was worked 
up and purified by the same procedure as described in Example 18(b), to give 30 mg of the title compound as 
a powder. 

Ultraviolet absorption spectrum (H 2 0) nm: 
297. 

EXAMPLE 29 

( 1R,5S,6S)-2-{(2S t 4S)-2-[N-Methyl-^^ 

[(1 R)-1 -hydroxyethyl}-1 -methyl- 1 -carba pen-2-em-3-carboxyl ic acid 




H 



29(a) 4-Nitrobenzyl (1R,5S,6SV2^^ xycarb nytformimidoyl)- 

pyrroHdiiv3-yl}carbam yl)pyrrolidin-4-yithi HH( 1 R)-1 -hydroxyethylH ^rnethyM -carba pen-2-env3-carboxy- 
late 

Following a procedure simOar to that described in Example 23(a), but using 400 mg of 4-nitrobenzyl 

76 



EP 0 518 558 A1 

(1|^5l^6S)-64(1f^1-hydraxyethyl>1-^ and 679 mg of (2S,4S)-4- 

mercapto-2-^riTOthyl-^(3SH?H- 

zyloxycart>ony1)pyrrolidine (prepared as described in Preparation 29), 420 mg of the title compound were ob- 
tained as a powder. 

5 

29(b) (1 R,5S,6S)-2-{(2S,4S)-2-[N-Methyl-lSK(3SH-form^ }- 
6-[(1 RH -hydroxethyl]- 1 -methyl- 1 -carbapen-2-enrv3-carboxylic acid 

Following a procedure simQar to that described in Example 23(b), but using 410 mg of 4-nitrobenzyl 
10 (1F^5S > 6S)-2-{(2S,4S)-2-{N-methyl-^ 

moy0pyrrdidin^ylthlo}-6-{(1^1-hydroxyethy^ [prepared as de- 

scribed in step (a) above], 104 mg of the title compound were obtained as a powder. 
Ultraviolet absorption spectrum (H 2 0) nm: 
299. 
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EXAMPLE 30 



(1R,5S t 6S)-2-[(2S t 4S)-2-(3-C^rtM^ 
methyM-carfoapen-2-em-3-carboxylic acid hydrochloride 




-N 

COOH H 

30(a) 4-Nitro benzyl (1 R,5S,6SV2-{(2S,4S)-2-[3-caiftamoyl-4-(4-nitro 

bonylH-(*-nitrobenzyloxycarbonyO pyrrol 

carboxylate 

35 0.78 ml of diphenylphosphoryl chloride and 0.65 ml of diisopropytethylamine were added dropwise, whilst 

ice-cooling, to a solution of 1.23 g of 4-nitrobenzyl (1R,5R,6S)-6-{(1R>-1-hydroxyethyil-1-methyl-2-oxo-1-car- 
bapenam-3-carboxylate in 20 ml of dry acetonitrile, and the resulting mixture was stirred at the same temper- 
ature for 1 hour. A solution of 2.11 g of (2^4S)^mercapto-2-[3-cart>amoy^ 

perazinyfcarbonyf]-1-(4-nitrobenzyloxycart>onyl)pyrrolidine (prepared as described in Preparation 30) in 20 ml 
40 of dry acetonitrile and 0.59 ml of diisopropylethylamine were then simultaneously added to the mixture, whilst 
ice-cooling, and the mixture was stirred at the temperature of ice-cooling for 90 minutes and then stirred at 
room temperature for 90 minutes. At the end of this time, the reaction mixture was worked up and purified by 
the same procedure as described in Example 7(a), to give 2.38 g of the title compound, as a powder. 

45 30(b) (1 R,5S,6S)-2-[(2S,4S)-2-(3-(^ut>amoyM- R)-1-hydroxye- 
thyl}- 1 -methyl^ 1 -carbapen-2-em-3-carboxylic acid hydrochloride 

2.33 g of 4-nitrobenzyl (1f^5^6S)-2-{(2^4S>2-[3-c»itamoy^ 
nytcart>ony1>1 -(4-nitrobenzyloxyca^ 
so enrv3-carboxyiate [prepared as described in step (a) above] were dissolved in 25 ml of a 1 : 1 by volume mixture 
of tetrahydrofuran and water, after which 2.7 ml of 1N aqueous hydrochloric acid were added, and the mixture 
was hydrogenated by bubbling hydrogen through it at room temperature for 2 hours in the presence of 2.33 g 
of 10% wAw palladium-on-charooal. At the nd f this time, the reaction mixture was worRed up and purified 
by th same procedure as described in Example 7(b), to give 160 mg of the title compound, a$ a powd r. 
55 Infrared Absorption Spectrum (KBr), Vqwx cnr 1 : - - — - - 

1759, 1698, 1662, 1450, 1383. 1266. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D^O, using sodium tetradeuterated trimethylsQylpro- 
pionate as an internal standard), 6 ppm: 
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1.21 (3H, doubl t, J = 7.32 Hz); 
1.28 (3H. doublet. J = 6.35 Hz); 
2.04- 2.10 (1H, multiplet); 
3.01 - 5.08 (16H. multiplet). 
Ultraviolet absorption spectrum (H 2 0 ^ nm: 
297. 

EXAMPLE 31 

(1R.5S,6S)-2-{(2S,4S)-2-[4-(2-nuoroethylH-hom 
yethyl]-1-methyl-1-carbapen-2-em-3-cart)oxylic acid hydrochloride 




COOH h 

31 (a) 4-Nitrobenzyl (1 R,5S,6S)-2-((2S,4S)-2-[4-(2-f luoroethyl)-1 -horrK>piperaanylcaft>onyl>1-(4-nitrobenzy« 
loxycarbonyl)pyrrolidin-4-y1thio)-6-[(1R)-1 -hydros 

1.37 ml of diphenylphosphoryl chloride and 1.15 ml of diisopro pyt ethyl amine were added dropwise, whilst 
ice-cooling, to a solution of 2.23 g of 4-nitrobenzyl (1R f 5R,6S)-6-{(1R)-1-hydroxyethyl}-1-methyi-2-oxo-1-car- 
bapenam-3-carboxylate in 23 ml of dry acetonitrile, and the resulting mixture was stirred at the same temper- 
ature for 1 hour. A solution of 3.99 g of (2S,4S)-4-mercapto-2-[4-(2-fluoroethy1)-1-hon^ 
1-(4-nrtrobenzytoxycarbonyl)pyrrolidine trifluoromethansulphonate (prepared as described in Preparation 31) 
in 57 ml of dry acetonitrile and 3.40 ml of diisopropylethyfamine were then simultaneously added dropwise to 
the mixture, whilst ice-cooling, and the mixture was stirred at the same temperature for 1 hour, after which it 
was allowed to stand overnight at the same temperature. At the end of this time, the reaction mixture was 
worked up and purified by the same procedure as described in Example 15(a), to give 2.96 g of the title com- 
pound, as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1773, 1710, 1647, 1522, 1346, 1206. 
Nuclear Magnetic Resonance Spectrum (CDCf 3t 270 MHz), 5 ppm: 

1.25-1.40 (6H, multiplet); 

1.73 - 2.02 (3H, multiplet); 

2.45 - 3.05 (7H, multiplet); - - 

3.24 - 3.88 (8H, multiplet); 

4.01 - 4.78 (6H, multiplet); 

5.03 - 5.54 (4H, multiplet); 

7.42 - 7.67 (4H, multiplet); 

8.17 - 8.25 (4H, multiplet).. 

31(b) (1R,5S,6S)-2-{(2S,4S)-2-[4-(2-Ruor^ 

hydroxyethyl}-1-methyl-1-carbapen-2-erTv3-^arboxylic acid hydrochloride 

500 mg of 4-nitrobenzyl (1&5S,6S)-2-{(2S,4S)-2-[4-(2-fluoiT>eth^ 
trobenzy1oxycarbonyl)pyrrol idin-4-yithio}-6-[(1 R)-1 -hydroxyethyl]- 1 -methyl-1 -carbapen-2-em-3-carboxytate 
[prepared as described in step (a) above] were dissolved in 12 ml of a 1 : 1 by volume mixture of tetrahydrofuran 
and water, after which 0.62 ml of 1 N aqueous hydrochloric add was added, and the mixture was hydrogenated 
by bubbling hydrogen through it at room temperature for 2 h urs in the presence of 500 mg of 10% w/w palla- 
dium-on-charcoal. At the nd of this time, the reaction mixture waa worked up and purified by the same pro- 
cedure as described in Example 15(b), to give 96 mg of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), v^x cnr 1 : 
1763^1653, 1460, 1384, 1284. 
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Ultraviolet absorpti n spectrum (H 2 0) X^* nm: 
297. 

Nuclear Magnetic Resonance Spectrum (D 2 O t 270 MHz), 6 ppm: 
1.22 (3H, doublet J = 7.3 Hz); 
1.28 (3H, doublet J - 6.4 Hz); 
2.00- 2.12 (1H, multiplet); 
2.22 - 2.38 (2H, multiplet); 
3.02- 3.16 (1H, multiplet); 
3.36 - 4.16 (15H f multiplet); 
4.20 - 4.30 (2H, multiplet); 
4.76 - 4.98 (3H, multiplet). 

EXAMPLE 32 

(1R,5S,6S)-2^(2S,4S)-2-[(3S)-3-(lmidazoH-yt)-pyrro^^ 
yethyl}-1-methyl-1-carbapen-2-em-3-carboxylic acid hydrochloride 




32(a) 4-Nitro benzyl (1R,5S,6S)-24(2S t 4S)-2-[(3S)-3-{imid^ 

loxycarbonyl)pyrrolldin-4-ylthlo1-6-C(1R)-1-hydroxyethyll- 1-methyl-1-carbapen-2-em-3-carboxylate 

970 u.1 of diphenyiphosphoryi chloride and 810 ul of diisopropylethylamine were added dropwise, whilst 
ice-cooling, to a solution of 1.60 g of 4-nitrobenzyl (1R,5R,6S)-6-{(1R>-1-hydroxyethyll-1-methyl-2-oxo-1-car- 
bapenam-3-carboxylate in 16 ml of dry acetonitrQe, and the resulting mixture was stirred for 30 minutes und r 
the same conditions. A solution of 1.9 g of (2S,4^^mercapto-2-[(3S}-3-(imkiazd-1-yl)pyrixHidin-1-ylcarbo- 
nyl]-1-(4-nitrobenzyloxycarbonyl)pyrrolidine (prepared as described in Preparation 32) in 22 ml of dry aceto 
nitrile and 770 uf of diisopropylethyflamine were then simultaneously added dropwise to the mixture, and the 
mixture was stirred for 2 hours, whilst ice-cooling,, and then allowed to stand overnight at 4°C. At the end of 
this time, the reaction mixture was diluted with an equivalent amount of water and mixed with 800 mg of sodium 
hydrogencarbonate. The mixture thus obtained was purified by reverse phase column chromatography through 
300 g of Cosmo Sit 75C 18 -PREP (a trade mark for a product of Nacalai Tesque), using a 1 : 1 by volume mixture 
of acetonitrQe and water as the eluent Those fractions containing the title compound were combined and con- 
centrated by evaporation under reduced pressure, to give 2.31 g of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), crrr 1 : 

1773, 1709, 1656, 1521 r 1346. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 6 ppm: 

1.25 - 1.39 (6H, multiplet); 

2.00 - 2.80 (4H. multiplet); 

3.25 - 4.96 (13H, multiplet); 

5.05 - 5.53 (4H, multiplet); 

6.82 - 8.29 (11 H, multiplet). 

32(b) (1 R,5S,6S)-2-{(2S.4S)-2-[(3S)-3-(lm^ R)-1- 
hydroxyethyll-1-methyl-1-carbapen-2-enr>»3-carboxyllc acid hydrochloride 

200 mg of 4-nitrobenzyl (1F^5^6S>2-{(2^4S>24(3S>3-(M^ 
trobenzyloxycarb nyi)pyrroUdirv4-y1thio)-6-[(1l^1^ 

[prepared as described in step (a) abov ] were dissolved in a mixture of 15 ml f tetrahydrofuran and 10 ml of 
water, and the solution was vigorously stirred for 1.7 hours at a temperature of between 28°C and 30°C in an 
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atmosphere of hydrogen and in th presence of 0.3 g of 10% w/w pailadium-on-charcoa). At th end of this 
time, the catalyst was removed by filtration, and the f Htrat was washed three times, each time with 20 ml of 
diethyl ether. The resulting aqueous solution was concentrated by evaporation under reduced pressure, and 
the residue was purified by reverse phase column chromatography through 20 ml of Cosm Si! 75C 18 -PREP, 
using water as the eluent Those fractions containing the title compound were combined and lyophilised, to giv 
17 mg of the title compound, as a colourless powder. 
Ultraviolet absorption spectrum (H 2 0) ^ nm: 
297. 

EXAMPLE 33 

(1R,5S,6S)-2-{(2S,4S)-2-K3S)-3-(1,2,4-Tria^^^ 
droxyethyll-1-methyl-1-carbapen-2-em-3-cart>oxyiic acid hydrochloride 




33(a) 4-Nitrobenzyl (1R,5S,6S)-2-{(2S,4S)-2-[(3S)-3-(1,2,4-triazoM^ 
zy!oxycart)onyl)pyrrolidin-4-ylthio}-6-[(1RH-hydro 

290 til of diphenylphosphoryl chloride and 250 til of diisopropylethylamine were added dropwise, whilst 
ice-cooling, to a solution of 486 mg of 4-nitrobenzyl (1 R,5R,6S)-6-{(1R)-1-hydroxyethyll-1-methyl-2-oxo-1-car- 
bapenam-3-carboxylate in 5 ml of dry acetonttrile, and the resulting mixture was stirred at the same temperature 
for 1 hour. A solution of 690 mg of (2S,4S)-4-mercapto-2-[(3S)-3-<1 ,2,4-triazoM-yl)- pyrrol idin-1 -ylcarbonyi]-1- 
(4-nitrobenzyloxycarbonyl)pyrroiidine (prepared as described in Preparation 33) in 4 ml of dry acetonitrile and 
230 *il of diisopropytethytamine were then simultaneously added dropwise to the mixture, and the mixture was 
stirred at the same temperature for 4 hours. At the end of this time, the reaction mixture was worked up and 
purified by the same procedure as described in Example 18(a), to give 744 mg of the title compound, as a pow- 
der. 

Infrared Absorption Spectrum (KBr), crrr 1 : 

3401, 1772, 1709, 1655, 1607, 1522, 1346, 854, 738. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 8 ppm: 

1.14-1.20 (6H, multiplet); 

1 .50 - 1 .70 (1 H, multiplet); 
2.30 - 2.50 (1H, multiplet); 
2.70 - 2.95 (1H, multiplet); 
3.10 - 4.30 (14H, multiplet); 

4.51 -4.70 (1H, multiplet); 
5.05 - 5.49 (5H, multiplet); . 
7.48 - 7.74 (4H, multiplet); 
8.15 - 8.27 (4H ( multiplet); 
8.52-8.63 (1H, multiplet). 

33(b) (1 R,5S,6S)-2-{(2S.4S)-2-[(33)-3-(1 ,2,a-TriazoM-y1)pyrrdidirv1-ylcar^ R)- 
1 - hydroxy ethyl)- 1 -methyl- 1 -carbapen-2-em-3-cart>oxy1 ic acid hydrochloride 

528 mg of 4-nitrobenzyl (1R,5S,6S^2H(2S,4S)-2-[(3S)^ 
nitrobenzy1oxy<»rbony1)pyrroJidin-4- 

[prepared as described in step (a) above] were dissolved in 10 ml of a 1 : 1 by volume mixture of tetrahydrofuran 
and water, after which 0.63 ml of 1N aqueous hydrochloric acid was added, and the mixture was hydrogenated 
by bubbling hydrogen through it at room temperature for 2 hours in the presence of 1 g of 10% w/w palladium- 
n-charcoal. At the end of this time, the reaction mixture was worked up and purified by the same procedure 



80 



EP 0 518 558 A1 



as described in Example 18(b), to give 85 mg of th title compound, as a powder. 
Ultra violet absorption spectrum (H 2 0) nm: 
297. 

5 EXAMPLE 34 

(1 R, 5S,6S)-2K(2S,4S)-2-[(3R)-3-Aminop^ -hydroxyethylH - 

methyH-cart)apen-2-em-3-carboxy11c acid hydrochloride 



10 



is 




34(a) 4-Nitrobenzyl (1 R,5S,6S)-2K(2S > 4S)-2-[(3R)-3-(4-nitrobenzyloxycarbonyi)aminopyrrd 
20 ny!H^4-nitrobenzyloxycart>onyl)pyrrol^ 
carboxyiate 

Following a procedure similar to that described in Example 1 8(a), but using 950 mg of (2S,4S)-4-mercapto- 

2- [(3R)-3^4-nitrobenzy|oxycart>ony|)^ 

25 (prepared as described in Preparation 34) instead of the (2S,4S)-4-m6fcapto-2-[(3S)-3-(4-m 

bonyl)aminopyrrolidin-1-y1ca^^ 760 mg of the title compound 

were obtained, as a powder. 

34(b) (1 R,5S,6S)-2^(2S,4S)-2-[(3R)-3-aminopyrroli^ R)-1 -hydroxye- 

30 thyl]-1-methyl-1-carbapen-2-em-3-carboxylic acid hydrochloride 

730 mg of 4-nitro benzyl (1R,5S,6S)-2^(2S,4S)-2-[(3F^3^4-nit^ 
cart>onyl}-1-(4-nitrobenzyioxycart)onyl)pyrroIid^ 

3- carboxylate [prepared as described in step (a) above] were dissolved in 20 ml of a 1 : 1 by volume mixture 
35 of tetrahydrofuran and water, after which 0.75 ml of 1 N aqueous hydrochloric acid was added, and the mixture 

was hydrogenated by bubbling hydrogen through it at room temperature for 2 hours in the presence of 1.0 g 
of 10% w/w palladium-on-charooal. At the end of this time, the reaction mixture was worked up and purified 
by the same procedure as described in Example 18(b), to give 120 mg of the title compound, as a powder. 
Ultraviolet absorption spectrum (H 2 0) ^ nm: 
40 297. 

EXAMPLE 35 

(1R,5S,6S)-2K(2S t 4S)-2-[(3R)-3-Acet^ 
45 thyl>1*methyi-1-caitapen-2-em-3-carboxylic acid 



so 



55 
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35(a) 4-Nfcro benzyl (1R.5S,6S)-2-{(2S,4S)-2-{(3R)-3-(N-4-nitrobenzv^^ 

din*1-ylcartx)nyl>1-(4-nttroberTzytoxycarbonyt)pyrro 

bapen-2-em-3-carboxyfate 

Following a procedure similar to that described in Example 23(a), but using 92 mg of 4-nitrobenzyi 
(1 R,5R,6S)-6-[(1 R)-1 -hydroxyethyl]-1 -methyi-2-oxo-1 -cart>apenam-3-caft>oxy1ate and 156 mg of (2S,4S)-4- 
meK»pto-2-{(3F^3-<N^nforobenz^ 

ycarbonyi)pyrrolidine (prepared as described in Preparation 35), were obtained 125 mg of the title compound, 
as a powder. 

35(b) (1 R,5S,6S)-2^(2S,4S)-2-[(3R)-3-Ace^ R)-1 -hy- 

droxyethyll-1-methyl-1-carbapen-2-em-3-carboxylic acid 

Following a procedure simflar to that described in Example 23(b), but using 120 mg of 4-nitrobenzyi 
(1R,5S,6S}-2^(2S,4S)-2^(3R>-3K^^ 

benzyioxyc^ul)onyl)pyrrcdidir>^ [pre- 
pared as described in step (a) above], 31 mg of the title compound were obtained as a powder. 
Ultraviolet absorption spectrum (H 2 0) nm: 
299. 

Infrared Absorption Spectrum (KBr), crrr 1 : 

1755, 1631, 1590, 1452, 1386, 1284. 1260. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0, using sodium tetradeuterated trimethylsilylpro- 
pionate as an internal standard), S ppm: 

1.22 (3H, doublet, J = 7.33 Hz); 

1.30 (3H, doublet, J = 6.35 Hz); 

1.57-1.73 (1H, multiplet); 

2.06 - 2.46 (2H, multiplet); 

2.24 (3H, singlet); 

2.64 - 2.84 (1H, multiplet); 

3.00 - 3.25 (2H, multiplet); 

3.33 - 3.90 (7H, multiplet); 

3.95- 4.09 (1H, multiplet); 

4.17- 4.42 (3H, multiplet). 

EXAMPLE 36 

(1R,5S,6S)-2-{(2S,4Sy2-[(3R)-3-Formim^^ 
droxyethyl]- 1 -methyl- 1 -carbapen-2-em-3-carboxyiic acid 



-JOH \l r 

H H 

36(a) 4-Nitro benzyl (1 R,5S ( 6S)-2-{(2S,4S)-2-[(3R)-3-(N-4-nitroben 

din-1-ylcajt)onyll-1-(4-nitrobenzyloxycart>onyl)pyr 

bapen-2-em-3-carboxyiate 

Following a procedure simflar t that described in Example 23(a), but using 120 mg of 4-nitrobenzyi 
(1F^5F^6S)-6-[(1f^1-hydroxyethyl^^ and 192 mg of (2S,4S)-4^ 

men»pto-2-[(3R)-3-{N^nitrobenz^ 

ycarbonyt)pyrrolidine (prepared as described in Preparation 36), were obtained 172 mg of th title compound, 
as a powder. 
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36(b) (1 R.5S.6S)-2-{(2S,4S)-2-[(3R>-a-Formimidoylamin pyrrol idirv1-ylcart>onyllpyrrolidin-4-ylthio}-6-{(1 R)- 
1 - hydroxyethyl}- 1 -methyl- 1 -carbape n-2-e m-3-carboxyl ic acid 

Following a procedure simiar to that described in Exampl 23(b), but using 165 mg of 4-nitro benzyl 
(1 f^5S,6S)-2^(2^4S)-24(3F^3-<^^ 

nitrobenzyloxycarbonyt)pyrrolidin-4-ylthio}-6-[(1 R)-1 -hydroxyethyf}-1 -methyfl-1 -carbapen-2-em-3-carboxylate 
[prepared as described in step (a) above], 38 mg of the title compound were obtained as a powder. 
Ultraviolet absorption spectrum (H 2 0) nm; 
300. 

EXAMPLE 37 

(1R,5S,6S)-2-[(2S,4S)-2-(3-Hydroxymethy1-1-pi^ 

th yl 1-1 -methyl- 1-carbapen-2-em-3-carboxylic acid hydrochloride 




37(a) 4-Nitrobenzyl (1R,5S,6S)-2-{(2S t 4S)-2-(3-(4-nitrobenzylcaroonyloxym^ 

ny|)-1-pipeiBzinylcaroonyl1-1-(4-nitroben^ 

thyl-1 -carbapen-2-em-3-carboxyiate 

46 ul of diphenylphosphoryl chloride and 38 XI of diiso propyl e thy lamine were added dropwise, whilst ice- 
cooling, to a solution of 73 mg of 4-nitrobenzyl (1 R,5R,6S)-6-[(1 R)- 1 -hydroxyethyl]- 1 -methyl-2-oxo- 1 -carba- 
penam-3-carboxylate in 1.0 ml of dry acetonitrOe, and the resulting mixture was stirred at the same temperature 
for 1 hour. A solution of 157 mg of (2§^4S)^merapto-2-[3-(4-nitrobenzy1carbom 

loxycaroonylH-piperazjnylcaftonyfH -(4-nitro^ (prepared as described in Prep- 

aration 37) in 1 .0 ml of dry acetonitrile and 35 uf of diisopropyiethyiamine were then simultaneously added to 
the mixture, whilst ice-cooling, and the mixture was stirred at the same temperature for 1 hour, after which it 
was allowed to stand overnight at the same temperature. At the end of this time, the reaction mixture was 
worked up and purified by the same procedure as described in Example 7(a) to give 147 mg of the title com- 
pound, as a powder. 

Infrared Absorption Spectrum (KBr), v max cnr 1 : 

1758, 1706, 1660^1608, 1522, 1432, 1347, 1268- 
Nuclear Magnetic Resonance Spectrum (CDCf 3l 270 MHz), 5 ppm: 

1 .27 (3H, doublet. J = 7.33 Hz); 

1.37 (3H, doublet J = 5.86 Hz); 

2.53 - 3.02 (2H, multiplet); 

3.10 - 3.78 (7H, multiplet);. 

3.81 - 4.37 (8H, multiplet); 

4.47 - 4.85 (3H, multiplet); 

5.09 - 5.52 (8H, multiplet); 

7.47 (6H. doublet, J = 8.30 Hz); 

7.65 (2H, doublet, J = 8.79 Hz); 

8.15- 8.23 (8H, multiplet). 

37(b) (1 R.5S,6S)-2-[(2S.4S)-2-(3-HydroxymemyM-pl 

yethyi]- 1 -methyl- 1 -carb apen-2-em-3-carboxyl ic acid hydrochloride 

140 mg of 4-nitrobenzyl (1R,5§^6S)-2-{(2^4S)-2-{3-(4-nto 
cart>onyl)-1-piperaziny1cart»ny^ 

thyl-1 -carbape n-2-em-3-carboxy1ate [prepared as described in step (a) above] were dissolved in 2 ml of- a 1 : 
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1 by volume mixture of tetrahydrofuran and water, after which 0.13 ml of 1N aqueous hydrochloric acid was 
added, and the mixture was hydrogenated by bubbling hydrogen through it at room temperature for 2 hours In 
the presence of 140 mg of 10% w/w pailadium-on-charcoal. At the end of this time, the reaction mixture was 
worked up and purified by th same procedure as described in Example 7(b), to give 20 mg of th title com- 
pound, as a powder. 

Ultraviolet absorption spectrum (H 2 0) nm: 
297. 

Infrared Absorption Spectrum (KBr), crrr 1 : 
1759, 1660, 1594, 1451, 1387, 1266. 

Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 O t using sodium tetradeuterated trimethylsByipro- 
pionate as an internal standard), 6 ppm: 

1 .21 (3H, doublet, J = 7.32 Hz); 
1 .28 (3H, doublet, J = 6.35 Hz); 
1.97 - 2.08 (1H, muitiplet); 
3.01 -3.15(1H, muitiplet); 
3.19-3.41 (3H, muitiplet); 
3.44 - 3.68 (4H, muitiplet); 

3.48 (1H, doublet of doublets, J = 6.35 & 2.93 Hz); 
3.73 - 4.15 (5H, muitiplet); 
4.20 - 4.29 (2H, muitiplet); 
4.42 - 4.60 (1H, muitiplet); 
4.75 - 4.96 (1H, muitiplet). 

EXAMPLE 38 

(1R,5S,6S)-2-[(2S,4S)-2-(3-Carboxy-1-piperaziny1 carb<>nyl)pyrrolidirv4-yithio]-6-[(1R)-1-hydroxyethyll-1- 
methyM-cart>apen-2-em-3-carboxyiic acid 




38(a) 4-Nitro benzyl (1 R,5S,6S)-2K(2S,4S)-2-[3-(4-nitrobenzyloxycar^ 

piperazinylcart>onyiH-(4^nitrobenz 
bapen-2-ero-3-carboxyiate 

55 ul of diphenyiphosphoryi chloride and 46 uf of diisopropyiethyiamine were added dropwise, whilst ice- 
cooling, to a solution of 88 mg of 4-nitrobenzyl ( 1 R, 5 R, 6S)-6-[( 1 R)- 1 - hydroxyethyl]- 1 -methyi-2-oxo- 1 -carba- 
penam-3-carboxylate in 1 .5 mi of dry acetonitrile, and the resulting mixture was stirred at the same temperature 
for 1 hour. A solution of 1 84 mg of (2S,4S>4-mercapto-2-l3-(4-nitrobenz^ 

bonyf)-1-piperazinylcart>onylH(4~ni^ (prepared as described in Preparation 

38) in 1.5 mi of dry acetonitrile and 42 u.1 of diisopropyiethyiamine were then simultaneously added dropwise 
to the mixture, whilst ice-cooling, and the mixture was allowed to stand overnight at the same temperature. At 
the end of this time, the reaction mixture was worked up and purified by the same procedure as described in 
Example 7(a) to give 160 mg of the title compound, as a powder. 

38(b) (1 R.SS.6S)-2-[(2S,4S)-2-(3-Carboxy-1-pip^ ]-6-[(1 R)- 1 -hydroxyethyl]- 

lHrnethyM-carbapen-2-errv3-carfaoxylic acid 

160 mg of 4-nitrobenzyf (1F^5S,6§)-2-{(2§,4§)-2-[3-(4-nitrobe xycar- 
bonylM-Piperaziny1carbonyl>H }-*H( 1 B>- 1 -hydroxyethyl]- 1 -methyf- 

1-cart>aperv2-em-3-cart>oxylate [prepared as described in step (a) above] were dissolved in 3 ml of a 1 : 1 by 
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volum mixture of tetrahydrofuran and water, and the mixture was hydrogenated by bubbling hydrogen through 
it at room temperature for 2 hours in the presence of 160 mg of 10% w/w palladium-orvcharcoaJ. At the end of 
this time, the reaction mixture was worked up and purified by the same procedure as described in Example 
7(b), to g'rv 35 mg of the titi compound, as a powder. 
Ultraviolet absorption spectrum (H 2 0) ^ nm: 
297. 

EXAMPLE 39 

(1R,5S,6S)-2-{(2S,4S)-2-[(3R)-1-Acetlmidoylpy^ 
droxyethyl)- 1 -methyl- 1 -carbaperH2-em-3-carboxylic acid 




39(a) 4-Nitrobenzyi (1 R,5S,6S)-2-{(2S,4S)-2-[(3R)-1-(N-4-nitrobenzyloxycafr^ 

aminocaj1>onylH-(4-nitrobergyloxy 
en-2-em-3-carboxylate 

Following a procedure similar to that described in Example 23(a), but using 300 mg of 4-nitrobenzyl 
(1f^5R,6S)-6-[(1fy-1-hydroxyethyt>^ and 510 mg of (2S,4S)-4- 

mercapto-2-[(3fy-1 -(N^-nitrobenz^ 

carbonyl)pyrrolidine (prepared as described in Preparation 39), 206 mg of the title compound were obtained 
as a powder. 

39(b) (1R,5S,6S)-2^(2S,4S)-2-[(3RH-Ace^ 
1-hydroxyemyl>1*memyl-1-caroapen-2^m-3-carboxylic acid 

Following a procedure similar to that described in Example 23(b), but using 198 mg of 4-nitrobenzyl 
(1^5S,6S)-2-[(2S,4S>-2-t(3^1-(N-4-nitrobenzylQX 

benzyloxyrarbonylJpyrrolWirH^ [pre- 
pared as described in step {a) above], 48 mg of the title compound were obtained as a powder. 
Ultraviolet absorption spectrum (H 2 0 nm: 
298. 

EXAMPLE 40 

(1R,5S,6S)-2-{(2S,4S)-2-[N-(2-Acetimidoylaminoemyl)-caito 
thyl-1-memyl-1-carbapen-2-em-3-carboxylic acid 
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40(a) 4-Nltrobenzyl (1R,5S t 6S)-2-{2-N-[2-<N^-nttrob nzyt xycartx>nylacetimidoy1)aminoethy1]carbamoy1-1- 
(4^itrobenzy1oxyrart>ony0pyrrolidiry^ thyi]- 1 -methyl - 1 -carbapen-2-em-3-carbox- 

ylate 

105 \il of diphenytphosphoryl chloride and 88 \it of diisopropylethylamine were added dropwise, whilst 
ice-cooling, to a solution of 170 mg of 4-nitrobenzyl (1 R,5 R,6S)-6-[( 1 R> 1 -hydroxyethyl]- 1 -methy1-2-oxo-1 -car- 
bapenam-3-carboxylate in 2 ml of dry acetonitrile, and the resulting mixture was stirred at the same temperature 
for 1 hour. A solution of 290 mg of (2S,4S)-4-mercapto-2-{^P-(N-^ 

noethyflcarbamoyl}-H4-nltrobenzyioxycart)onyl)pyrrolW (prepared as described in Preparation 40) in 10 ml 
of dry acetonitrile and 92 \xl of diisopropylethylamine were then simultaneously added dropwise to the mixtur , 
and the mixture was allowed to stand overnight at the same temperature. At the end of this time, the reaction 
mixture was worked up and purified by the same procedure as described in Example 1 (a) to give 270 mg of 
the title compound, as a powder. 

40(b) (1 R.5S,6S)-2-{(2S,4S>-2-[N-(2-AcetimidoylOT^ R)-1-hydrox- 
yethyl]- 1 -methyl- 1 -carbapen-2-em-3-carboxy1 ic acid 

265 mg of 4-nitrobenzyl (1^5S,6S)-2-{N-[2-(N^nitrobenzylox^ 
nx)yM-(4-nitrobenzyfoxycartw 

boxyiate [prepared as described in step (a) above] were dissolved in 1 5 ml of a 2 : 1 by volume mixture of tet- 
rahydrofuran and water, and the mixture was hydrogenated by bubbling hydrogen through it at room temper- 
ature for 2 hours in the presence of 270 mg of 10% w/w palladium-on~charcoal. At the end of this time, the re- 
action mixture was worked up and purified by the same procedure as described in Example 1(b), to give 60 
mg of the title compound, as a powder. 

Ultraviolet absorption spectrum (H 2 0) ^ nm: 
299. 

Nuclear Magnetic Resonance Spectrum (D 2 0, 270 MHz), 5 ppm: 
1.21 (3H, doublet, J = 7.3 Hz); 
1.30 (3H, doublet, J = 6.6 Hz); 

1.68- 1.70 (1H, multiplet); 
2.23 (3H. singlet); 
2.60-2.73 (1H, multiplet); 

2.89 (1H, doublet of doublets, J = 11.2 & 4.0 Hz); 
3.32 - 3.66 (7H, multiplet); 

3.69- 3.80 (1H, multiplet); 

3.85 (1H, doublet of doublets, J = 9.2 & 5.3 Hz); 
4.18 - 4.32 (2H, multiplet). 

EXAMPLE 41 

(1R,5S,6S)-2-{(2S,4S)-2-[N-(2-Formlmkioylaminoethyl)caitamoyqpyrro 
thy1]-1-methyi-1-carbapen-2-em-3-carboxylic acid 




41(a) 4-Nitrobenzyl (1R,5S t 6S)-2^-N-P-(4-nitrobenzyloxyrart>on 

nitrobenzyloxycarfaonyl)pyrroildin-4-y1thio)-6-[(1 R)-1 -hydroxy ethyl}- 1 -jnethyl- 1 -cartoa pe n-2-em-3-carboxyl ate 

53 ill of diphenytphosphoryl chloride and 44 pi of diisopropylethylamine were added dropwise, whilst ice- 
coding, to a solution of 90 mg of 4-nitrobenzyl (1 ^ 5 R,6S>-6-[( 1 R)-1 -hydroxyethyl}- 1 -methyl-2-oxo-1 -carba- 
penam-3-carboxylate in 1 ml of dry acetonitrile, and the resulting mixture was stirred at the same temperature 
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for 1 hour. A solution of 150 mg of (2S,4S)-4-mercapto-2-{N42-({f4-nito 

noeuiyl]rarbamoy1}-1-(4-nitrobenzy1oxycart>on (prepared as described in Preparation 41) in 10 ml 

of dry acetonitrile and 50 uf of diisopropytethyiamine were then simultaneously added dropwise to th mixture, 
and the mixture was allowed to stand overnight at the same temperature. At the end of this time, the reaction 
5 mixture was worked up and purified by the same procedure as described in Example 1(a), to give 155 mg of 
the title compound, as a powder. 

41 (b) (1 R,5S,6S)-2K(2S t 4S)-2-P^(2-Formimldoy^ R)-1-hy- 
droxyethyll-1-methyl-1-carbapen-2-em-3^arboxylic acid 

10 

1 50 mg of 4-nitrobenzyl (1^5^6S)-2-{^[2-(4-nitrobenzyloxycarbonytformimidoyl)aminoethyf]carbamoyl^ 
1-(4-nitrobenzyloxycajt>onyi)pyri^ 

late [prepared as described in step (a) above] were dissolved in 1 0 ml of a 2 : 1 by volume mixture of tetrahy- 
drofuran and water, and the mixture was hydrogenated by bubbling hydrogen through it at room temperature 
15 for 2 hours in the presence of 150 mg of 10% w/w palladium-on-charcoal. At the end of this time, the reaction 
mixture was worked up and purified by the same procedure as described in Example 1(b), to give 20 mg of 
the title compound as a powder. 

Ultraviolet absorption spectrum (H 2 0) nm: 
299. 

20 Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0, 

using sodium tetradeuterated trimethylsilylpropionate as an internal standard), 5 ppm: 

1.21 (3H, doublet J = 7.3 Hz); 

1.30 (3H, doublet J = 6.4 Hz); 

1.70-1.84 (1H, multiplet); 
25 2.60 - 2.76 (1 H, multiplet); 

2.89-2.97 (1H t multiplet); 

3.32 - 3.62 (7H, multiplet); 

3.70 - 3.81 (1H, multiplet); 

3.85 - 3.92 (1H, multiplet); 
30 4.19 - 4.29 (2H, multiplet); 

7.84 & 7.85 (1H, two singlets). 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1755, 1717, 1660, 1590, 1388. 

35 EXAMPLE 42 

(1 R.5S,6S)-2-[(2S t 4S)-2-(3-Pimethyiamino-1 ,2,5,6-tetrahydropyrazin-1 -ylcarbonyl)pyrrolidln-4-ylthiol-6- 
[(1R)-1-hydroxyethyl]-1-methyt-1-cart)apen-2-em-3-carboxylicacid 



45 




so 42(a) 4-Nitro benzyl (1R,5S,6S)-2-[(2S,4S)-2-(3-dimethylamino-1 ,2.5,6-tetrahydropyrazirv1-ylcart>on 
nltrobenzyloxycarbonyl)pyrrolldin-4-ylthio}-6^^ 

126 pi of diphenytphosphoryl chloride and 106 uf of diisopropylethytamine were added dropwis , whilst 
ice-cooling, to a solution of 208 mg of 4-nitrobenzyl ( 1 R, 5 R, 6S)-6-{( 1R)-1 -hy droxyethy^ 1 -methyt-2-oxo- 1 -car- 
55 bapenam-3-carboxyiate in 2.6^nl of dry-acetonitrile, and the resulting mixture was stirred at the sam temper- 
ature for 1 hour. A solution of 445 mg of (2S,4S)-4-merraptD-2-(3-dimeth^ 

ylcarbonyl)-1-(4-nitrobenzyloxycarbonyl)-pyrrolidine trifluoromethanesulphonate (prepared as described in 
Preparation 42) in 2.4 ml of dry acetonitrfle and 271 uf of diis propylethyi amine were then simultaneously add- 
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ed dropwise to the mixture, and the mixture was allowed to stand overnight at the same temp rature. At the 
end f this time, the reaction mixture was worked up and purified by the same procesure as described in Ex- 
ample 1(a), to give 98 mg of the title compound, as a powder. 

infrared Absorption Spectrum (KBr), cm - 1 : 

1771, 1709, 1659, 1608, 1522. 1495, 1441, 1405, 1346, 1277, 1209. 

Nuclear Magnetic Resonance Spectrum (CDCl 3 + hexadeuterated dimethyl sulphoxide, 270 MHz), 5 

ppm: 

1.28 (3H, doublet, J = 7.32 Hz); 
1.34 (3H, doublet. J = 6.34 Hz); 
1.85 - 2.08 (1H, multiplet); 
2.71 -2.86 (1H, multiplet); 
3.08 - 4.85 (20H, multiplet); 
5.05 - 5.53 (4H, multiplet); 
7.42 - 7.58 (2H, multiplet); 
7.66 (2H, doublet, J = 8.79 Hz); 
8.16 - 8.26 (4H, multiplet). 

42(b) (1 R,5S,6S)-2-[(2S,4S)-2-(3-Dimethylamino-1 ,2,5,6-tetrahydropyrazin-1 -ylcarbonyl)pyrrolidin-4-ylthio> 
6-[(1R)-1-hydroxyethytHHrnethy1-lH^ acid 

95 mg of 4-nitrobenzyl (1R,5S,6S>2-[(2S,4S)-2-(3-dimethylamin^ 
nyl)-1-(4-nitrobenzy1oxycart>on^ 

rboxylate [prepared as described in step (a) above] were dissolved in 5 ml of a 2 : 1 by volume mixture of tet- 
rahydrofuran and water, and the mixture was hydrogenated by bubbling hydrogen through it at room temper- 
ature for 2 hours in the presence of 250 mg of 10% w/w palladlum-on-charcoal. At the end of this time, the re- 
action mixture was worked up and purified by the same procedure as described in Example 1(b), to give 8 mg 
of the title compound as a powder. 

Ultraviolet absorption spectrum (H 2 0) ^ nm: 
299. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1751, 1659. 1598, 1455, 1391, 1346, 1247. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0, using sodium tetradeuterated trimethylsilyl pro- 
pionate as an internal standard), 8 ppm: 

1.22 (3H, doublet, J = 7.33 Hz); 

1.30 (3H, doublet, J = 6.35 Hz); 

1.60-1.83 (1H, multiplet); 

2.68-2.92 (1H, multiplet); 

3.03 - 4.43 (20H, multiplet). 

EXAMPLE 43 ' — ■ - . 

(1R,5S,6S)-2-[(2S,4S)-2-(4-Acetimkloylam^ 
thyi]-1-methyl-1-carbapen-2-em-3-cart>oxyiic acid 




Foil wing a procedure similar to that described in Example 1, but using 181 mg of 4-nitrobenzyt (1 R,5R f 6S>- 
6-[(1 R)-1 -hydroxyethyll-l-methyl-2^oxo-1 -carbapenam-3-caeboxylate and 300 mg of (2S,4S)-4-mercapto-2- 
(4-nitrobenzyloxycarbonylacetimid yl)aminopiperkJiiv1-ylcai1>onyt]-1-(4-nitroben 
(prepared as described in Preparation 43). 21 mg f th title compound were obtained, as a powder. 
Ultraviolet absorption spectrum (H 2 0) 3U nm: 
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299. 

Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0, using sodium tetradeuterated trimethyisflylpro- 
pionate as an internal standard), 6 ppm: 

1.21 (3H, doublet J = 7.3 Hz); 
1.30 (3H, doublet J = 6.4 Hz); 
1.46-1.70 (3H, multiplet); 
2.02 - 2.18 (2H, multiplet); 

2.22 (3H, singlet); 
2.69-2.83 (1H, multiplet); 
2.90 - 3.04 (1H, multiplet); 
3.06 - 3.46 (5H, multiplet); 
3.78 - 3.99 (3H, multiplet); 
4.12- 4.44 (4H, multiplet). 

EXAMPLE 44 

(1R,5S t 6S)-2-[(2S,4S)-2-(4-Acetimido^ 
yethylH-methyM-carfaapen-2-em-3-carboxylic acid 




Following a procedure similar to that described in Example 1, but using 181 mg of 4-nitrobenzyt (1R,5R,6S) 
6-[(1 R)-1 -hydroxyethylH -methyi-2-oxo-1 -carbapenam-3-carboxylate and 220 mg of (2S,4S)-4-mercapto-2- 
[4-(N^nitrobenzyloxycarbonylacetimtdoyO^^ (prepared as descri- 

bed in Preparation 44), 20 mg of the title compound were obtained, as a powder. 
Ultraviolet absorption spectrum (H 2 0) nm: 
299. 

Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 O t using sodium tetradeuterated trimethylsilylpro- 
pionate as an internal standard), 5 ppm: 

1.21 (3H, doublet J = 7.3 Hz); 

1.30 (3H, doublet J - 6.4 Hz); 

1.66 (1H, doubled doublet of doublets, J = 13.7, 8.8 & 5.4 Hz); 

2.29 (3H, singlet* ~ 

2.35 (3H, singlet); 

2.75 - 2.88 (2H, multiplet); 

3.10 (1H, doublet of doublets, J = 12,2 & 1 .4 Hz); 

3.31 - 3.43 (2H, multiplet); 
3.52 (1H, triplet J = 8.3 Hz); 
3.60 - 4.00 (9H, multiplet); 
4.18-4.30 (2H, multiplet). 

Infrared Absorption Spectrum (KBr), crrr 1 : 
1754, 1608, 1594, 1448, 1384, 1285. 
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EXAMPLE 45 

(1R,5S,6S)-2-[(2S,4S)-2-t(3S)-3-Amln pyrrolidiryl-ylcarbon^ 
yethyl}-1-methyt-1-carbapen-2-em-3-carboxyiic acid hydrochloride 




45(a) 4-Nitrobenzyi (1R,5S,6S)-2-{(2S,4S)-2-[(3S)-3-(4-nitrobenzylo^ 
ny!H^ethylpyrrolidin-4-y1thio}-6-[(1RH-hydro 

Following a procedure similar to that described in Example 1 8(a), but using 1 .05 g of (2S,4S)-4-mercapto- 
2-[(3S)-3-(4-nitrobenzyloxycart>onyl^ instead of the (2S.4S)- 

4-mercapto-2-[(3S)-3-(4-nitrobenztfoxycart»^ 
pyrrolidine, 1.20 g of the title compound was obtained as a powder. 

45(b) (1R,5S,6S)-2-{(2S t 4S)-2-[(3S)-3-Aminopyrrdidirv1-v^ 
hydroxyethyl]-1-methyM-carbapen-2-env3-carboxylic acid hydrochloride 

1.0 g of 4-nitrobenzyl (1R,5S,6S>2-{(2S,4S)-2-[(3S)-3-^ 
carbonyll-1 -methyl pyrrol idin-4-ylthio}-6-[(1 R)-1 -hydroxyethylM -methyl-1 -carbapen-2-em-3-carboxylate [pre- 
pared as described in step (a) above] was dissolved in 30 ml of a 2 : 1 by volume mixture of tetrahydrofuran 
and water, after which 1 .04 ml of 1 N aqueous hydrochloric acid was added, and the mixture was hydrogenated 
by bubbling hydrogen through it at room temperature for 2 hours in the presence of 1 .5 g of 1 0% w/w palladium- 
on-charcoal. At the end of this time, the reaction mixture was worked up and purified by the same procedure 
as described in Example 18(b), to give 175 mg of the title compound as a powder. 
Ultraviolet absorption spectrum (H 2 0) nm: 
297. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

3390, 1760, 1655, 1599, 1467, 1374. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0, using sodium tetradeuterated trimethylsflylpro- 
pionate as an internal standard), 5 ppm: 

1.21 (3H, doublet, J = 7.32 Hz); 

1.29 (3H,-douWet; J = 6.35 Hz); - 
1.95-2.30 (1H ( multiplet); 

2.30 - 2.70 (2H, multiplet); 
2.96 (3H, doublet, J = 2.93 Hz); 
3.15-3.27 (1H, multiplet); 
3.27 - 3.40 (1 H, multiplet); . 
3.46-3.49 (1H, multiplet); 
3.50 - 4.35 (10H, multiplet); 
4.45 - 4.65 (1 H, multiplet). 



90 



5 



EP 0 518 558 A1 

EXAMPLE 46 

(1R.5S,6SV2^(2S,4S)-2-[(3Sy3-FormimM^ 
[(1R)-1-hydroxyethy1>1^ethyl-1-cart)aperv2^nv3"Cart>oxy1lc add 




10 

J xt H ^ — 1 

'COOH ch 3 

15 46(a) 4-Nitrobenzyl (1 R,5S,6S)-2-{(2S,4S)-2-[(3S)-3-(N-4-nitrobenzyloxyra 
din-1-ylcart)onyl>1-methylpyrrDlidirv4-y1thio}-6-[(1R)-1-hydro 
late 

Following a procedure similar to that described in Example 23(a), but using 124 mg of 4-nitrobenzyl 
20 (1F^5|^6S)-6-[(1F^1-hydroxyethylM^ and 190 mg of (2S,4S)-4- 

mercapto-2-[(3S)-3-<N-4-nrtrobenzv^ -y1carbony1]-1 -methyipyrrolkJine 

(prepared as described in Preparation 46), 178 mg of the title compound were obtained as a powder. 

46(b) (1R.5S,6S)-2-{(2S,4S)-2-[(3S)-3-Formimkioyl^ 
25 k>>^(1R)-1-hydroxyethyl^1-methyl-1-cart)apen-2-em-3-cart)oxylic acid 

Following a procedure similar to that described in Example 23(b), but using 170 mg of 4-nitrobenzyl 
(1 &5S,6S)-2-{(2S,4S)-2-[(3S)-3-(5^ 

thylpyrrolidirH4-yithk)}-6^(1^1-hydroxyeth [prepared as descri- 

30 bed in step (a) above], 35 mg of the title compound were obtained as a powder. 
Ultraviolet absorption spectrum (H 2 0) nm: 298 
Infrared Absorption Spectrum (KBr), cnr 1 : 

3255, 1755, 1634, 1595, 1455, 1386. 
Nuclear Magnetic Resonance Spectrum (400 MHz, D 2 O t using sodium tetradeuterated trimethylsflylpro- 
35 pionate as an internal standard), 6 ppm: 

1.21 (3H, doublet, J = 7.32 Hz); 

1.31 (3H, doublet, J = 6.60 Hz); 

1.60-1.75 (1H, multiplet); 

2.30 (3H, doublet, J = 5.86 Hz); 
40 2.05- 2^0 (2H* multiplet); _ 

2.75 - 2.95 (2H, multiplet); 

3.05 -3.1 5 (1H, multiplet); 

3.30 - 3.50 (3H, multiplet); 

3.50 - 3.95 (4H, multiplet); 
45 3.96 - 4.05 (1 H, multiplet); - 

4.20 (1H V doublet of doublets, J = 2.57 & 9.17 Hz); 

4.26 (1H, quartet, J = 6.40 Hz); 

4.30-4.47 (1H, multiplet); 

7.80, 7.61 & 7.94 (together 1H, three singlets). 

so 
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EXAMPLE 47 

(1R.5S.6S)-2^(2S,4S)-2-[4-(^ 

1-methyM-carbapen-2-env3-carboxylic acid hydrochl ride 




47(a) 4-Nitro benzyl (1 R,5S,6S)-2-{(2S,4S)-2-[4-(imkJazoM-yl)piperid^^ 
bonyl)pyrrolidiri-4-ylthio}-6-[(1R)-1-hydroxyett^ 

560 uf of diphenytphosphoryl chloride and 470 uf of diisopropylethytamine were added dropwise, whilst 
ice-cooling, to a solution of 910 mg of 4-nitrobenzyl (1R,5R,6S)-6-{(1R>-1-hydroxyethyl}-1-methy1-2-oxo-1-car- 
bapenam-3-carboxylate in 10 ml of dry acetonitrile, and the resulting mixture was stirred for 30 minutes under 
the same conditions. A solution of 1140 mg of (2S^4S)^men»pto-2-[4-(imidazol-1-yl)piperidin-1-ylcarbonyi]- 
1-(4-nitrobenzyloxycarbonyl)pyrrolidine (prepared as described in Preparation 47) in 10 ml of dry acetonitrile 
and 435 ul of diisopropylethytamine were then simultaneously added dropwise to the mixture, and the mixture 
was stirred for 2 hours, whilst ice-cooling, after which it was allowed to stand overnight at 4°C. At the end of 
this time, the reaction mixture was diluted with an equivalent amount of water and mixed with 800 mg of sodium 
hydrogencarbonate. The mixture thus obtained was purified by reverse phase column chromatography through 
200 ml of Cosmo Sil 75C 1S -PREP (a trade mark for a product of Nacalai Tesque) using a 1 : 1 by volume mixture 
of acetonitrile and water as the eluent Those fractions containing the title compound were combined and con- 
centrated to give 1.40 g of the title compound, as a powder. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 6 ppm: 

1.12 - 1.20 (6H, multiplet); 

1.58- 1.90 (3H, multiplet); 

1.91 -2.06 (2H, multiplet); 

2.62 - 2.79 (1H, multiplet); 

2.80-2.97 (1H, multiplet); 

3.06 - 3.37 (4H, multiplet); 

3.55 - 3.70 (1H, multiplet); 

3.71-3.93 (1H, multiplet); 

3.94 - 4.56 (5H, multiplet); 

4.74^ 4=97 (W; multiplet); 

5.04 - 5.49 (5H, multiplet); 

6.81 - 8.28 (11 H, multiplet). 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1773, 1710, 1656, 1522, 1346, 1208. 

47(b) (1R.5S,6S)-2-{(2S.4S)-2-[4-(lmida^ 
yethyl]-1-methyl-1-carbapen-2-en>3-cart>oxylic acid hydrochloride 

200 mg of 4-nitrobenzyl (1R t 5S,6^2-{(2^4S}-2-[4-(imkJ^ 
zyloxycartx>nyl)pyrrolidin-4-ylthto^ [pre- 
pared as described in step (a) above] were dissolved In a mixture of 15 ml of tetrahydrofuran and 10 ml of water, 
and the solution was vigorously stirred at a temperature of between 28°C and 30°C for 1 .7 hours in an atmos- 
phere f hydrogen and in the presence of 0.3 g of 10% w/w palladium-on-charcoal. At the end of this tim , the 
catalyst was removed by filtration, and the filtrate was washed three times, each tim with 20 ml of diethyl ther. 
The resulting aqueouasolution was concentrated by evaporation under reduced pressure. The concentrate was 
purified by revere phase column chromatography through 20 ml of Cosmo SO 75C 1S -PREP (a trade mark for 
a product of Nacalai Tesque), using water as the eluent Those fractions containing the tide compound were 
combined and lyophilised, to give 18 mg of the title compound as a colourless powder. 
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Ultraviolet absorption spectrum (H 2 0) nm: 
297. 



EXAMPLE 48 

(1 R,5S,6S)-2-r(2S t 4S)-2-(3,3-Pimethy1-1 -piperazinylcarbonyl)pyrrdidin-4-ylthiol-6-{(1 R)-1-hydroxyethyl]-1- 
methyl>1-carbapen-2-enrv3-cartx)xyiic acid hydrochloride 




HC/ 



48(a) 4-Nitrobenzyl (1R,5S,6S)-2K(2S,4S)-2-[3,3^imethyi^^ 

nyl]-1^4-nitrobenzyloxycarponyl)pyrrdidin 

carboxyiate 

67 uf of diphenylphosphoryt chloride and 56 \ii of diisopropylethylamine were added dropwise, whilst tee- 
cooling, to a solution of 100 mg of 4-nitrobenzyi (1 R, 5R,6S)-6-[(1 R>- 1 -hydroxyethyl]- 1 -methyi-2-oxo- 1 -carba- 
penam-3-carboxyfate in 1 .5 ml of dry acetonitrile, and the resulting mixture was stirred at the same temperature 
for 1 hour. A solution of 200 mg of (2S^4S>^meraptc-2-[3 l 3Kiimeth^ 

azinylcarbonyl]-1-(4-nitrobenzyloxycarbonyl)pyrrolldine (prepared as described in Preparation 48) in 1.5 ml of 
dry acetonitrile and 56 of of diisopropylethylamine were then simultaneously added dropwise to the mixture, 
and the mixture was stirred at the same temperature for 1 hour, after which it was allowed to stand overnight 
at the same temperature. At the end of this time, the reaction mixture was worked up and purified by the same 
procedure as described in Example 7(a), to give 205 mg of the title compound, as a powder. 

48(b) (1R,5S,6S)-2H;(2S,4S)-2-(3,3-Dimeth^^ 
thyl}-1-methyl-1-cart)aperH2^nv3-carboxylic acid hydrochloride 

205 mg of 4-nitrobenzyi (1|^5§^6S)-2^(2S,4S)-2-[3,3-dimeth^ 
nylcarbony^H4-nitroben^oxycart»^ 

em-3-carboxyiate [prepared as described in step (a) above] were dissolved in 5 ml of a 1 : 1 by volume mixture 
of tetrahydrofuran and water, after which 0.23 ml of 1 N aqueous hydrochloric acid was added, and the mixture 
was hydrogenatecTby bubbting hydrogen through it at room temperature for 2 hours in the presence of 200 mg 
of 10% w/w palladium-on-charcoal. At the end of this time, the reaction mixture was worked up and purified 
by the same procedure as described in Example 7(b), to give 35 mg of the title compound as a powder. 
Ultraviolet absorption spectrum (H 2 0) nm: 
296. 

EXAMPLE 49 

(1R,5S,6S)-2-[(2S,4S)-2-(1-Honw^^ 
1-methyl-1-carbapen-2-em-3-carboxyllc acid hydrochloride 

49(a) 4-Nitrobenzyi (1R t 5S,6S)-2HX2S,4S)-244-(4-nitrobenzy^ 
methy1pyrrolidln^ylthlo)-6-[(1RH-h 

0.89 ml of diphenytphosph ryl chloride and 0.75 ml of diisopropylethylamine were simultane usJy added 
dropwis , whilst ice-cooling, to a solution of 1.4 g of 4-nitrobenzyi (1R,5R,6S>-6-[(1R)-1-hydroxyethyl]-1-me- 
thyl-2^xo-1-carbap«narrf-3-carboxylate in 14 ml of dry acetonitrile, and the resulting mixture was stirred at the 
same temperature for 40 minutes. A solution of 2.68 g of (2S,4S)^mercapto-1-methyl-2-[4-{4-nitrobenzy1 x- 
ycai1>onyl)-1-horrK>piperazinylcarbonyl]pyrrolidine trifluoromethanesulphonate (prepared as described in 
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Preparation 49) in 14 ml of dry acetonforile and 1 .64 ml of di isopropyt ethyl amine were then simultaneously add- 
ed dropwise to the mixture, whilst ice-cooling, and th resulting mixture was stirred at the same temperature 
for 5 h urs, after which It was allowed to stand ov might at room temperature. At the end of this time, the re- 
action mixture was concentrated by evaporation under reduced pressure, and the residue was diluted with ethyl 
5 acetate. The dilute solution was then washed with an aqueous solution of sodium hydrogencarbonate, with a 
phosphate buffer solution (pH 6.86), with water and with an aqueous solution of sodium chloride, in that order, 
after which it was dried over anhydrous magnesium sulphate. The solvent was then removed by distillation un- 
der reduced pressure, and the resulting residue was purified by column chromatography through silica gel 
(Merck Art No. 7734), using a gradient elution method with mixtures of ethyl acetate and methanol ranging from 
10 85 : 15 to 80 : 20 by volume as the eluent, to give 1.7 g of the title compound, as a powder. 

Infrared Absorption Spectrum (KBr), vmax cnr 1 : ... 

1769, 1702, 1642, 1521, 1346. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 8 ppm: 
1 .27,(3H,.doublet, J = 7.32 Hz); 
15 1 .35 (3H, doublet, J = 6.35 Hz); 

1.40-2.05 (6H, multiplet); 
2.32 - 2.85 (3H f multiplet); 
3.15 - 4.05 (13H, multiplet); 

4.20 - 4.37 (2H, multiplet); 
20 5.20 - 5.52 (4H, multiplet); 

7.47 - 7.53 (2H, multiplet); 
7.67 (2H, doublet, J = 8.79 Hz); 
8.23 (4H, doublet, J = 8.79 Hz). 

25 49(b) (1K5S,6S)-2-[(2S,4S)-2-(1-Homopipera^ 

thyl]-1 -methyl- 1-carbapen-2-em-3-carboxylic acid hydrochloride 

A solution of 1.3 g of 4-nitro benzyl (1F^5S,6S>2-[(2S,4S)-2-[4-(4-nitroben^ 
zinylcai1xiny1]-1-methylpyrrolidin 
30 [prepared as described in step (a) above] in 20 ml of a 1 : 1 by volume mixture of tetrahydrofuran and water 
was mixed with 2.6 ml of 1 N aqueous hydrochloric acid, and the mixture was hydrogenated by bubbling hydro- 
gen through it at room temperature for 2 hours in the presence of 1 0% w/w palladium-on-charcoal. The catalyst 
was then removed by filtration, and the filtrate was washed with diethyl ether. The aqueous solution was con- 
centrated by evaporation under reduced pressure, after which the residue was purified by reverse phase col- 
35 umn chromatography through a Lobar column (Merck, LiChroprep RP-8, size B), using water as the eluent. 
Those fractions containing the title compound were collected, concentrated by evaporation under reduced pres- 
sure and lyophilised, to give 260 mg of the title compound as a powder. 
Infrared Absorption Spectrum (KBr), v^ cnr 1 : 
1759, 1650, 1598, 1458, 1389. 
40 Ultraviolet Absorption Spectrum (H 2 0) Xmn nm: 

297.6 

Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 O f using tetradeuterated sodium trimethylsOylpro- 
pionate as an internal standard) 6 ppm: 

1.21 (3H, doublet. J = 7.32 Hz); 
45 1 .29 (3H, doublet, J = 6.35 Hz); 

1.99 - 2.32 (3H, multiplet); 
2.97 (3H, singlet); 
3.18 - 4.05 (13H, multiplet); 
4.12 - 4.35 (3H, multiplet); 
so 4.66 - 4.82 (1 H, multiplet). 
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EXAMPLE 50 

(1 R.5S,6S)-2-[(2S,4S)-2-(4-Cart)oxymethyl-1-ta ]-6-[(1 R)-1>hydrox- 

yethyi)-1-methyt-1*carbapen-2-em-3-^art>oxylic acid 

50(a) 4-Nitrobenzyl (1R,5S,6S)-2-{(2S,4S)-2-[4-(4-nitrobenzyloxyc^^ 

ny1H^4-nitrobenzy1oxycart>ony1)p^^ 

carboxylate 

0.37 ml of diphenytphosphoryt chloride and 0.31 ml of diisopropylethylamine were added dropwise, whilst 
Ice-cooling, to a solution of 580 mg of 4-nitrobenzyl ( 1 R, 5 R,6S)-6-{(1 R>- 1 -hydroxyethyt}-1 -methyt-2rOxo^ 1 -car- _ 
bapenam-3-cart>oxyfate in 10 ml of dry acetonitrile, and the resulting mbcture was stirred at the same temper- 
ature for 1 hour. 0.99 ml of diisopropylethyiamine and a solution of 1.43 g of (2S,4S)-4-mercapto-2l4-(4-nitro- 
benzy1oxycart>onyhriethy1M-homopip^ bis(trifluoro- 
methanesulphonatB) (prepared as described in Preparation 50) in 10 ml of dry acetonttrfle were then simulta- 
neously added dropwise to the mbcture, whilst ice-cooling, and the resulting mbcture was stirred overnight at 
the same temperature. At the end of this time, the solvent was removed by distillation under reduced pressure, 
and the residue was mixed with an aqueous solution of sodium hydrogencarbonate. It was then extracted with 
ethyl acetate. The extract was dried over anhydrous magnesium sulphate and the solvent was removed by dis- 
tillation under reduced pressure. The residue was subjected to column chromatography through a Lobar column 
(Merck, UChroprep Si60 t size B), using a 5 : 1 by volume mbcture of ethyl acetate and methanol as the eluent 
to give 1.1 g of the title compound, as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1771, 1709, 1647, 1606, 1521, 1346. 
Nuclear Magnetic Resonance Spectrum (270 MHz, CDCf 3 ), 6 ppm: 

1.28 (3H, doublet, J = 6.84 Hz); 

1.37 (3H f doublet J - 6.35 Hz); 

1.74- 2.04 (4H, multiplet); 

2.62 - 2.96 (6H, multiplet); 

3.27 (1H, doublet of doublets, J = 6.83 & 2.44 Hz); 

3.34 - 3.79 (9H, multiplet); 

4.19- 4.27 (2H, multiplet); 

4.66-4.77 (1H, multiplet); 

5.06 - 5.52 (6H, multiplet); 

7.45 - 7.52 (4H, multiplet); 

7.65 (2H, doublet, J » 8.79 Hz); 

8.23 (6H, doublet, J = 8.79 Hz). 

50(b) (1 R.5S.6S)-2-[(2S,4S)-2-(4-Carboxymethyl-1 -homopiperazinylcarbonyl)pyrrolidin^4-ylthiol-6-[(1 R)-1 - 
hydroxyethyl]-1-methyl-4Harbapen>2-em-3-cart>oxylic acid --■ 

A solution of 0.5 g of 4-nitrobenzyl (1R,5S,6^2-[(2S f 4S)-2-[4-(4-nitrobenzy^ 
opiperazinylcarbonylh1-(4-nitrobenzyloxycarbonyl>-pyrrolidiri 

bapen-2-em-3-carboxylate [prepared as described in step (a) above] in 15 ml of a 1 : 1 by volume mbcture of 
tetrahydrofuran and water was mixed with 0.26 ml of 1N aqueous hydrochloric acid, and the mbcture was hy- 
drogenated by bubbling hydrogen through it at room temperature for 90 minutes in the presence of 0.5 g of 
10% w/w palladium-on-charcoal. The catalyst was then removed by filtration, and the filtrate was washed with 
diethyl ether. The washed aqueous solution was then concentrated by evaporation under reduced pressure, 
and the concentrate was purified by reverse phase column chromatography through a Lobar column (Merck, 
UChroprep RP-8 f size B), using 1% v/v aqueous methanol as the eluent Those fractions containing the title 
compound were collected, concentrated by evaporation under reduced pressure and lyophilised, to give 170 
mg of the title compound as a powder. 

Infrared Absorption Spectrum (KBr), v^ cm- 1 : 

1754, 1638, 1460, 1374. 
Ultraviol t Absorption Spectrum (H^O) nm: -~ - 

296.6. 

Nuclear Magnetic Resonance Spectrum (270 MHz, DjO, using tetradeuterated sodium trimethylsQylpro- 
-pionate as an internal standard) 6 ppm: 
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1.22 (3H V doublet, J = 7.33 Hz); 
1.30 (3H, doublet J = 6.34 Hz); 
1.93- 2.1 0(1H, multiplet); 
2.13- 2.42 (2H. multiplet); 
2.95 - 3.17 (1H ( multiplet); 
3.27 - 3.98 (13H, multiplet); 
3.99 - 4.15 (2H, multiplet); 
4.18- 4.35 (2H, multiplet); 
4.43 - 4.65 (1H, multiplet). 

EXAMPLE 51 

(1R,5S,6S)-2-[(2S,4S)-2-(4-MethyM-piperazW 
thyl]-1-methyl-1-carbapeD-2-env3-cart)oxylic acid hydrochloride 

51(a) 4-Nitro benzyl (1R,5S,6S)-2-((2S,4S)-2-(4-methyl-1-piperazinylcart)onyl)-1 -methyl pyrrolidin-4-ylthio]-6- 
[(1 R)-1 -hydroxyethyl]-1 -methyl-1 -carbapen-2-em-3-carboxylate 

540 uf of diphenylphosophoryl chloride and 470 ul of diisopropyfethylamine were added dropwise, whilst 
ice-cooling, to a solution of 920 mg of 4-nrtrobenzyl (1 R, 5 R, 6S)-6-[( 1 R)- 1 - hy droxyethyi}- 1 -methyl-2-oxo- 1 -ca r- 
bapenam-3-carfooxylate in 10 ml of dry acetonitrile, and the resulting mixture was stirred at the same temper- 
ature for 1 hour. 1400 ui of diisopropyfethylamine and a solution of 1350 mg of (2S,4S)-4-mercapto-2-(4-me- 
thyi-1-piperazinyicarbonyi)-1-methyfpyrrolidine bis(trifluoromethanesulphonate) (prepared as described in 
Preparation 51) in 5 ml of dry acetonitrile were then simultaneously added dropwise to the mixture, whilst ice- 
cooling, and the resulting mixture was stirred at the same temperature for 2 hours, after which it was allowed 
to stand overnight in a refrigerator. At the end of this time, the solvent was removed by distillation under reduced 
pressure, and the residue was purified by chromatography through a Lobar column (Merck, UChroprep RP-8, 
size B). The column was successively eluted with 65% by volume aqueous methanol and with 70% by volume 
aqueous methanol. Those fractions containing the title compound were combined and concentrated by evap- 
oration under reduced pressure, to give 730 mg of the title compound, as a powder. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 6 ppm: 

1.27 (3H, doublet, J = 7.3 Hz); 

1.37 (3H, doublet, J = 6.3 Hz); 

1.83-1.93 (1H. multiplet); 

2.30 (3H, singlet); 

2.35 (3H, singlet); 

2.35 - 2.48 (4H, multiplet); 

2.57 - 2.73 (2H, multiplet); 

3.13 - 3.36 (4H, multiplet); 

3.55 - 3=95 <5H,^nu*tiplet); 

4.21 - 4.28 (2H. multiplet); 

5.25 (1H, doublet, J = 14.2 Hz); 

5.48 (1 H. doublet, J = 14.2 Hz); 

7.66 (2H, doublet, J = 8.8 Hz); 

8.23 (2H, doublet, J = 8.8 Hz). 
Infrared Absorption Spectrum (KBr), cmr 1 : 

1769, 1706, 1639, 1606, 1521, 1450, 1346, 1208, 1137. 

51(b) (1R.5S,6S)-2-[(2S,4S)-2-(4-MethyM-piperazinv^ 

droxyethyi]- 1 -methyl-1 -carbapen-2-em-3-carboxylic acid hydrochloride 

A solution of 720 mg of 4-nitrobenzyi (1f^5S,6S)-2-[(2S,4S)-2-(4HrnethyM-pi 
pyrix)Hdirv4-yithk>]^[(1F^1-hydroxyethy^ [prepared as described 

in step (a) above] in 60 ml of a 1 : 1 by volume mixture of tetrahydrofuran and water was mix d with 1.2 mi of 
1 N aqueous hydrochloric acid, and th mixture was hydrogenalpd by bubbling hydrogen through it at room tem- 
perature for 2 hours in the presence of 800 mg of 1 0% w/w palladiunvon-charooal. The catalyst was then re- 
moved by fOtration and th filtrate was washed with di thyl ether. The aqueous solution was concentrated by 
evaporation under reduced pressure, the residue was subjected to column chromatography using a Lobar col- 
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umn (Merck, UChroprep RP-8, sfcz B)andth column was eluted with 3% by vcHum aqueous methanol. Those 
fractions containing the title compound were combined and concentrated by evaporation under reduced pres- 
sure, to give 326 mg of th title compound as a colourless powder. 

Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0, using tetradeuterated sodium trimethyisflylpro- 
pionate as an internal standard) 6 pprru 

1.21 (3H, doublet, J = 6.8 Hz); 
1.29 (3H, doublet, J = 6.3 Hz); 
1.97-2.07 (1H f multiplet); 

2.96 (3H. singlet); 

2.97 (3H, singlet); 

3.18 - 3.50 (8H, multiplet); 

3.67 - 3.84 (5H, multiplet); 

4.17 - 4.30 (3H, multiplet); 

4.70 - 4.77 (1 H, multiplet); 
Infrared Absorption Spectrum (KBr), crrr 1 : 

1754, 1658, 1600, 1456, 1385, 1261. 
Ultraviolet Absorption Spectrum (H 2 0) nm (s): 

297 (8660). 

EXAMPLE 52 

(1R,5S,6S)-2K(2S,4SV2-[4-(2-Hydroxyethy^^ 

hydroxyethyll-1-methyl-1-carfaapen-2-em-3-carboxylic acid hydrochloride 

52(a) 4-Nitro benzyl (1R,5S,6S)-2-{(2S,4S)-2-[4-(2-hydroxyemylH-pfo^ 
4-ylthio)-^(1R)-1-hydfoxyethylH-mewyl-1-ca^ 

600 til of diphenylphosphoryl chloride and 510 ul of diisopropylethylamine were added dropwise, whilst 
ice-cooling, to a solution of 1000 mg of 4-nitrobenzyf (1R,5S t 6S)-6-[(1R)-1-hydroxyethyl]-1-methyl-2-oxo-1- 
carbapenam-3-carboxylate in 10 ml of dry acetonitriie, and the resulting mixture was stirred at the same tem- 
perature for 1 hour. 1800 ul of diisopropylethylamine and a solution of 1680 mg of (2S,4S)-4-mercapto-2-[4- 
(2-hydroxyethyi)-1-piperazinylcart)onyi]-1-methylpyrrolidine bis(trifluoromethanesulphonate) (prepared as de- 
scribed in Preparation 52) in 5 ml of dry acetonitriie were then simultaneously added dropwise to the mixture, 
whilst ice-cooling, and the resulting mixture was stirred at the same temperature for 2 hours, after which it was 
allowed to stand overnight in a refrigerator. At the end of this time, the solvent was removed by distillation und r 
reduced pressure, and the residue was subjected to column chromatography through a Lobar column (Merck, 
UChroprep RP-8, size B). The column was eluted first with 55% v/v aqueous methanol and then with 60% v/v 
aqueous methanol. Those fractions containing the title compound were collected, concentrated by evaporation 
under reduced pressure and lyophilised, to give 710 mg of the title compound, as a powder. 
Nuclear Magnetic Resonance-Spectrum (CDCl 3 , 270 MHz), 6 ppm: 

1.27 (3H, doublet, J = 7.3 Hz); 

1.36 (3H, doublet, J = 5.9 Hz); 

1.83- 1.93 (1H, multiplet); 

2.34 (3H, singlet); 

2.40 - 2.76 (8H, multiplet); • 

3.10 - 3.38 (4H, multiplet); 

3.55 - 4.04 (7H, multiplet); 

4.18-4.31 (2H, multiplet); 

5.24 (1H, doublet, J = 13.8 Hz); 

5.48 (1H. doublet, J = 13.8 Hz); 

7.66 (2H. doublet, J = 8.6 Hz); 

8.22 (2H. doublet J = 8.6 Hz). 
Infrared 'Absorption Spectrum (KBr), crrr 1 : 

1756, 1651, 1596, 1464, 1390. 1373, 1286. 1261. 
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52(b) (1R,5S,6S)-2^(2S t 4S>-2^4~(2-Hydro }-&■ 
r( 1 R>- 1 -hydroxy ethylH -methyl- 1 -carba pe n-2-em-3-carboxyl ic acid hydrochloride 

A solution of 700 mg of 4-nltrobenzyl (1R,5S,6S>2-{(2S,4S)-2-[4-(2-hydroxyeto^ 
lHmethyipyrrolklin-4-yithio}-^(1F^1^^ [prepared as 

described in step (a) above] in 60 mi of a 1 : 1 by volume mixture of tetrahydrofuran and water was mixed with 
1.15 ml of 1 N aqueous hydrochloric acid, and the mixture was hydrogenated by bubbling hydrogen through it 
at room temperature for 2 hours in the presence of 1000 mg of 10% w/w paJladium-on-charcoal. At the end of 
this time, the catalyst was removed by filtration, and the filtrate was extracted with diethyl ether. The remaining 
aqueous layer was concentrated by evaporation under reduced pressure, and the residue was subjected to 
column chromatography through a Lobar column (Merck, UChroprep RP-8, size B). The column was efuted 
with 1.5% v/v aqueous methanol and those fractions containing the title compound were combined, concen- 
trated by evaporation under reduced pressure and lyophilised, to give 300 mg of the title compound as a col- 
ourless powder. - - ^ - — 

Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 O t using tetradeuterated sodium trimethylsQylpro- 
pionate as an internal standard), 5 ppm: 

1 .21 (3H, doublet, J = 7.3 Hz); 

1 .29 (3H, doublet, J = 6.3 Hz); 

1.98-2.07 (1H, multiple!); 

2.95 (3H, singlet); 

3.17 - 3.45 (9H, multiplet); 

3.45 - 3.52 (1H, multiplet); 

3.64 - 3.86 (5H, multiplet); 

3.86 - 3.95 (2H, multiplet); 

4.13 - 4.30 (3H, multiplet); 

4.68 - 4.77 (1H, multiplet). 
Infrared Absorption Spectrum (KBr), crrr 1 : 

1757, 1658, 1596, 1450, 1391, 1374, 1260. 
Ultraviolet Absorption Spectrum (H 2 0) nm (e): 

297 (9252). 

EXAMPLE 53 

(1R,5S,6S)-2-{(2S,4S)-2-[4-(2-C^arrK>yloxyefo^ 
droxyethyl>1-methyl-1-cart)apen-2-em-3-carboxylic acid hydrochloride 

53(a) 4-Nitro benzyl (1 R t 5S t 6S)-2-{(2S,4S)-2-[4-(2-cait>amoyloxye 

zyloxycarbonyl)pyrrolidin-4-ylthio)-6»[(1 R)-1- hydroxyethyl}- 1 -methyi-1 -carbapen-2-enrv3-carboxyiate 

91 ul of diphenytphospheryt-chloride and 77 uf of diisopropylethylamine were added dropwise, whilst ice- 
cooling, to a solution of 152 mg of 4-nitrobenzyt (1R,5R,6S)-6-[(1R)-1-hydroxyethy1]-1-methyl-2-oxo-1-carba- 
penam-3-carboxylate in 2.0 ml of dry acetonitrfle, and the resulting mixture was stirred at the same temperature 
for 1 hour. 176 ul of diisopropylethylamine and a solution of 31 8 mg of (2S,4S)-4-mercapto-2-[4-(2-carbamoy- 
loxyethylV1-piperazinytcartx>ny1M-(4-n^ trifluoromethanesulphonate (pre- 

pared as described in Preparation 53) ia 2.0 ml of dry acetonitrfle were then simultaneously added dropwise 
to the mixture, whilst ice-cooling, and the resulting mixture was stirred at the same temperature for 2 hours, 
after which it was allowed to stand overnight in a refrigerator. At the end of this time, the solvent was removed 
by distillation under reduced pressure, and the residue was mixed with an aqueous solution of sodium hydro- 
gencarbonata. The mixture was then extracted with ethyl acetate, and the extract was dried over anhydrous 
magnesium sulphate. The solvent was then removed from the extract by distillation under reduced pressur , 
and the resulting residue was purified by chromatography through a Lobar column (Merck, LiChroprep Si60, 
size B), using a 5 : 1 by volume mixture of ethyl acetate and methanol as the eluent to give 99 mg of the title 
compound, as a powder. 

Infrared Absorption Spectrum (KBr), crrr 1 : 
1773.1711^1650,1521,1345. 

Nuclear Magnetic Resonance Spectrum (270 MHz, hexad uterated dimethyl sulphoxide) 6 ppm: 

1.15 (3H, doublet, J = 6.35 Hz); 

1.16 (3H, doublet J = 7.32 Hz); 
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1.51 - 1.72 (1H, multiplet); 

2.1 0 - 2.57 (6H, multiplet); 

Z72-2.93 (1H, multiplet); 

3.06 - 4.30 (13H, multiplet); 

4.76 & 4.85 (together 1H, two triplets. J = 7.81 Hz); 

5.03 - 5.27 (3H. multiplet); 

5.30 & 5.46 (2H, AB-quartet, J = 14.1 6 Hz); 

6.46 (2H, broad singlet); 

7.55 & 7.65 (2H f two doublets, J = 8.79 Hz); 

7.72 (2H f doublet J = 8.79 Hz); 

8.22 & 8.23 (4H, two doublets, J = 8.79 Hz). 

53(b) (1 R.5S,6SV2^(2S,4S)-2-[M2-Cart>anw^ R >- 
1-hydroxyethyl}-1-methyt-1-cafbapen-2-ern-3-carboxylic acid hydrochloride 

1.0 g of 4-nitrobenzyl (1F^5S,6S)-2-{(2S,4S)-2-[4-(2-caroamoy1ox^^ 
trobenzyioxyrarbonyi)pyrroTidirv4-yithio}-6^ 

[prepared as described in step (a) above] was dissolved in 60 ml of a 1 : 1 by volume mixture of tetrahydrofuran 
and water, and the mixture was hydrogenated by bubbling hydrogen through it at room temperature for 3 hours 
in the presence of 1.1 g of 10% w/w palladium-on-charcoal. At the end of this time, the catalyst was removed 
by filtration, and the filtrate was extracted with diethyl ether. The remaining aqueous layer was concentrated 
by evaporation under reduced pressure, and the resulting residue was subjected to column chromatography 
through a Lobar column (Merck, LiChroprep RP-8, size B). The column was eluted with 20% v/v aqueous me- 
thanol. Those fractions containing the title compound were combined and the pH was adjusted to a value of 4 
by the addition of 1 N aqueous hydrochloric acid. The solution was then concentrated by evaporation under re- 
duced pressure, and the concentrate was lyophilised, to give 327 mg of the title compound as a colourless pow- 
der. 

Infrared Absorption Spectrum (KBr), cmr 1 : 

1728, 1654, 1597, 1392. 
Ultraviolet Absorption Spectrum (H 2 0) Xmax nm (e): 

297 (9706). 

Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 O v using tetradeuterated sodium dimethyls ilyi pro- 
pionate as an internal standard), 5 ppm: 

1.21 (3H, doublet, J = 7.3 Hz); 
1.29 (3H, doublet, J = 6.3 Hz); 
1.95-2.06 (1H, multiplet); 
3.01 - 3.25 (7H, multiplet); 
3.31-3.43 (1H, multiplet); 
3.46 - 3.52 (2H, multiplet); 
3.72 - 3.9045H, multiplet); 
4.02-4.11 (1H ( multiplet); 
4.21 - 4.30 (2H, multiplet); 
4.32 - 4.36 (2H, multiplet); 
4.82 - 4.89 (1H, multiplet). 

EXAMPLE 54 

(1R,5S,6S)-2^(2S,4S)-2-[4-(2-Hydroxyethyl^ 
thyl]-1-methyt-1-carbapen-2-env3-carboxylic acid hydrochloride 

54(a) (i) 4-Nitrobenzyl (1R,SS,6S)-24(2S,4S)-2-[4K2-hydroxyeth^ 

loxycaroonyQpyrroHdiiy4-ytthio}-6-f (1 R)- 1 -hydroxyethyl}- 1 -methyl-1 -carbapen-2-em-3-carboxylate 

90 ui of diphenytphosphoryl chloride and 76 u.1 of diisopropyiethyiamine were added dropwise, whilst ice- 
cooling, to a solution of 146 mg of 4-nitrobenzyl ( 1 R, 5 R ,6S)^[(1 R)- 1 - hydroxyethyl}- 1 -methyi-2-oxo- 1 -carba- 
penam-3-carboxylate in 1 .9 ml of dry acetonitrie, and the resulting mixture was stirred at th same temperature 
for 1 h ur. 257 uf of diisopropylethylamin and 361 mg of (2S^4S)-2-[4-(2-hydit>xyethyf)-1-piperazinytcarbo- 
ny|}^^eit»pto-1-(4-nitrobenzytoxycaitx>nyl)pyrrolidine bis(trifluoromethanesulphonate) (prepared as descri- 
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bed in Preparation 54) were then simultaneously added dropwise to the mixture, whilst ice-cooling, and the 
resulting mixture was stirred at the same temperature for 6 hours, after which it was allowed to stand overnight 
in a refrigerator. At the end of this time, the reaction mixture was worked up in a simSar manner to that described 
in Example 49(b). Th crude product thus obtained was purified by chromatography through a Lobar column 
5 (Merck, UChroprep Si60), using a 5 : 1 by volume mixture of acetonitrile and methanol as the eluent, to give 
220 mg of the title compound, as a powder. 

Ultraviolet Absorption Spectrum (MeOH) nm: 
268, 315. 

Infrared Absorption Spectrum (KBr), v™* cmr 1 : 
10 1772, 1710, 1652, 1606, 1521, 1489, 1440, 1405, 1345, 1280, 1207. 

Nuclear Magnetic Resonance Spectrum (CDCl 3f 270 MHz), 6 ppm: 

1.27 & 1.28 (3H, two doublets, J = 7.33 Hz); 

1.37 (3H. doublet, J = 6.35 Hz); 

1 .82 - 2.00 (1H, multiplet); 
15 2.33 - 2.76 (8H, multiplet); 

3.25- 3.29 (1H, multiplet); 

3.32 - 3.82 (9H, multiplet); 

4.00 - 4.30 (3H, multiplet); 

4.69 & 4.74 (1H, two triplets, J = 7.81 Hz); 
20 5.05 - 5.52 (5H, multiplet); 

7.44 & 7.51 (2H, two doublets, J = 8.79 Hz); 

7.64 (2H, doublet, J = 8.79 Hz); 

8.23 (4H, doublet, J = 8.79 Hz). 

25 54(a) (i f ) 4-Nitrobenzyl (1R t 5S,6S)-2-[(2S,4S)-2^4-(2-hydroxyeOTy^ 
loxycarbonyl)pyrrdidin-4-ylmio]-6^(1RH -hydro 

1.82 ml of diphenyiphosphoryl chloride and 1.54 ml of diisopropylethylamine were added dropwise, whilst 
ice-cooling, to a solution of 3.0 g of 4-nitrobenzyi (1 R,5R, 6SHH(1 R)- 1 -hydroxyethyi}- 1 -methyl-2-oxo- 1 -car- 

30 bapenam-3-carboxylate in 38 ml of dry acetonitrile, and the resulting mixture was stirred at the same temper- 
ature for 1 hour. 1.54 ml of diisopropylethylamine and a solution of 3.63 g of (2S,4S)-2-[4-(2-hyd^oxyethyl)-1- 
piperazinylcarbonyl]-4-mercapto-1-(4-nitrobenzyloxyra (prepared as described in Prepara- 
tion 54) in 30 ml of dry acetonitrile were then simultaneously added dropwise to the mixture, whilst ice-cooling, 
and the resulting mixture was stirred at the same temperature for 3 hours, after which it was allowed to stand 

35 overnight in a refrigerator. At the end of this time, the reaction mixture was worked up in a similar manner to 
that described in Example 49(b). The crude product was then purified by column chromatography through silica 
gel, using a 2 : 1 by volume mixture of ethyl acetate and methanol as the eluent, to give 3.4 g of the title com- 
pound, as a powder. The infrared absorption spectrum and nuclear magnetic resonance spectrum of the prod- 
uct were identical with those of the compound prepared as described in step 54(0, above. 

40 . ' — . _ -=i_- - 

54(a) (ii) (1R,5S,6S)-2-{(2S,4S)-2-K4-(2-Hydro 

hydroxyethyl}-1-methyi-1-carbapen-2-em-3-carboxyllc acid hydrochloride 

1 .38 g of 4-nitrobenzyl (1R,5S,6S)-2-[(2S,4S}-2-[4-(2-hydroxyem^ 

45 zyloxycarbonyl) pyrrol id in-4-ylthio}^ [pre- 
pared as described in step 54(a) (i) or step 54(a) (Y) above] was dissolved in 40 ml of a 1 : 1 by volume mixture 
of tetrahydrofuran and water, and the mixture was hydrogenated by bubbling hydrogen through it at room tem- 
perature for 2 hours in the presence of 1.2 g of 10% w/w palladium-on-charooal. At the end of this time, the 
catalyst was removed by filtration, and the filtrate was extracted with diethyl ether. The pH of the remaining 

so aqueous layer was adjusted to a value of 4 by the addition of 1N aqueous hydrochloric add, and then the sol- 
ution was concentrated by evaporation under reduced pressure. The resulting residue was subjected to column 
chromatography through a Lobar column (Merck, UChroprep RP-8, size B) and the column was eluted with 
3% Wv aqueous methanol. Those fractions containing the title compound were combined, concentrated by 
evaporation under reduced pressure and lyophQised, to give 314 mg of the title compound as a colourless pow- 

55 der. -;u - -** - 

Nuclear Magn tic Resonance Spectrum (270 MHz, D2O, using sodium tetradeuterated trimethylsOytpro- 
pionate as an internal standard), 5 ppm: 

1.21 (3H, doublet, J = 7.3 Hz); 

100 



EP 0 518 558 A1 



1.28 (3H, doublet, J = 6.4 Hz); 

1.97 - 2.07 (1H, multlplet); 

3.02 - 3.13 (1H, multiplet); 

3.32 - 3.70 (10H. multiplet); 
5 3.70 - 4.00 (6H, multiplet); 

4.00- 4.16 (1H, multiplet); 

4.18- 4.29 (2H, multiplet); 

4.86 - 4.92 (1H, multiplet). 
Ultraviolet Absorption Spectrum (H 2 0) nm («): 
10 297 (8124). 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1757, 1659, 1595, 1393, 1376, 1277. 

54(b) (i) 4~NitrobenzyHtR t 5S,6S)^(2S,4SH4-(2^ 
15 ny!H^^nitrobenzy1oxycart>onyl)pyrrolidin^ 
carboxylate 

6.38 g of diphenyiphosphoryi chloride and 5.37 ml of diisopropylethytamine were added dropwise, whilst 
ice-cooling, to a solution of 10.63 g of 4-nforobenzyl (1R,5R,6S)-6-{(1 R)-1-hydroxyethyl]-1-methyl-2-oxo-1-car- 
20 bapenam-3-carboxylate in 75 ml of dry acetonitrile, and the resulting mixture was stirred at the same temper- 
ature for 1 hour. 16.26 ml of diiso propyl ethyla mine and a solution of 32.5 g of (2S,4S)-4-mercapto-2-{4-[2-(4- 
nitrobenzyloxycarbony1)oxyethyl]-1-piperazinyt^ bis(trifluor- 
omethanesulphonate) in 65 ml of dry acetonitrile were then simultaneously added dropwise to the mixture, 
whilst ice-cooling. The resulting mature was then stirred at the same temperature for 1 hour, after which it was 
25 allowed to stand overnight, whilst ice-cooling. At the end of this time, the solvent was removed by distillation 
under reduced pressure, and the resulting residue was mixed with an aqueous solution of sodium hydrogen- 
carbonate; it was then extracted with ethyl acetate. The extract was dried over anhydrous magnesium sulphate, 
and the solvent was removed by distillation under reduced pressure. The residue was purified by column chro- 
matography through silica gel, using a 18 : 1 by volume mixture of ethyl acetate and methanol as the eluent, 
30 to give 1 9.75 g of the title compound, as a powder. 

Infrared Absorption Spectrum (KBr), cm- 1 : 

1769, 1751, 1710, 1653, 1607, 1521, 1443, 1347. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 5 ppm: 
1.27 & 1.28 (3H, two doublets, J = 7.33 Hz); 
35 1 .37 (3H, doublet J = 6.35 Hz); 

1.78-1.98 (1H, multiplet); 
2.31 - 2.80 (7H, multiplet); 

3.27 (1H, doublet of doublets, J = 6.83 & 2.44 Hz); 

3.31 - 3.76 (8H, multiplet); 
40 4.01 - 4.3315N*rmtrftiplet); - 

4.68 & 4.74 (1H, two triplets, J = 7.81 Hz); 

5.04 - 5.52 (6H, multiplet); 

7.44 & 7.51 (2H, two doublets, J = 8.79 Hz); 

7.55 & 7.65 (4H. two doublets, J = 8.79 Hz); 
45 8.17 - 8.25 (6H. multiplet). . 

54 (b)Q') 4-Nitrobenzyl (1R,5S,6S)-2-{(2S,4S>-[4-(2-4'-nitrobenzyloxycarbonyloxyethyl>-1-piperazinyl 

nylH-(4-nitrobenzyloxycart>onyl)pyrro^ 

carboxylate 

50 

675 ul of diphenyiphosphoryi chloride and 567 ul of diisopropyiethylamine were added dropwise, whilst 
ice-cooling, to a solution of 1.12 g of 4-nitrobenzyl (1R t 5R,6S)-6-[(1R)-1-hydroxyethy1]-1-methyl-2-oxo-1-car- 
bapenam-3-carboxylatB in 10 ml of dry acetonitrile, and the resulting mixture was stirred at the same temper- 
ature for 1 hour. A solution of 2.30 g f (2S,4S>4-mercapto-2-{4-[2-(4-nitrobenzyl xycarbony1)Qxyethyl]-1-pi- 
55 perazinylcart>onyl}-1-(4-nitrobenzyloxycart>onyl)pyrro in 5ml of dry acetonitrile was then added dropwise 
to th mixture, whilst ice-cooling, and the resulting mixture was stirred at th same temperature for 1 hour. At 
the nd of this time, the reaction mixture was worked up and purified in a similar manner to that described in 
-step 54(b) (I) above, to giv 2.70 g of the title compound, as a powder. The infrared absorption spectrum and 
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nuclear magnetic resonance spectrum of th compound thus obtained wer identical with thos of th com- 
pound prepared as described in step 54(b) (I) abov . 

S4(b)(n 4-Nitrobenzyl (1R,SS,6S)-2-{(2S t 4SH4-(2^'-nitrobenz^^ 

nyj] 1 -(4- nitrobenzyloxycaitMnyl) pyrrol^ 

carboxyiate 

A solution of 28.3 mg of 4-nitrobenzyl (1R,5S ; 6S)-2-phenylsulphinyf-6-{(1R)-1-hydroxyethyll-1 -methyl- 1- 
caitoapen-2-em-3-carboxylate In 1 ml of dry acetonitrile was added dropwise to a solution of 1 1 2 mg of (2S,4S)- 
{4-[2-(4-nitrobenzyloxycaifconyl)oxyethy^ 

yrroJidine in 0.5 ml of dry acetonltrile, whilst ice-cooling, and the resulting mixture was stirred at the same tem- 
perature for 1 hour. At the end of this time, the reaction mixture was freed from the solvent by distillation under 
reduced pressure. The resulting residue was purified by column chromatography through sflica gel, using a 
20 : 1 by volume mixture of ethyl acetate and methanol as the eluent, to give 14 mg of the title compound, as 
a powder. The infrared absorption spectrum and nuclear magnetic resonance spectrum of the compound thus 
obtained were identical with those of the compound prepared as described in step 54(b) (I) above. 

54(b) (H 4-Nitrobenzyl (1R,SS.6S)-2-{(2S,4SH4-(2-4'-nitro^ 

nylH -(4- nitroben^oxy carton 
carboxyiate 

A solution of 50 mg of 4-nitrobenzyl (1R,5S,6S)-2-(4-chlorophenyl)sulphinyl-6-[(1R)-1-hydroxyethyll-1- 
methyl-1-carbapen-2-env3-carboxylate and 19.4 mg of diisopropytethylamine in 0.5 ml of dry acetonitrile was 
added dropwise to a solution of 93 mg of (2^4SH^2-(4-nitrobenzy1oxycarbon 

bonyl}-4-mercapto-1*(4-nitrobenzyloxycart>onyl)pyrrolidine in 0.5 ml of dry acetonitrile, whilst ice-cooling, and 
the resulting mixture was stirred at the same temperature for 1 hour. At the end of this time, the reaction mixture 
was freed from the solvent by distillation under reduced pressure. The residue was worked up in a similar man- 
ner to that described in step 54(a) (i), to give 13 mg of 4-nitrobenzyl (1R,5S,6S>-2-{(2S,4S)-[4-(2-4'-nitroben- 
zyloxycarbonytoxyethylH-piperazinytcar^ 

droxyethyl]-1-methyl-1-carbapen-2-em-3-carboxylate as a powder. The infrared absorption spectrum and nu- 
clear magnetic resonance spectrum of the compound thus obtained were identical with those of the compound 
prepared as described in step 54(b) (i) above. 

54(b) (ii) (1 R t 5S t 6S)-2-{(2S,4S)-2-[(4-(2-Hydroxyett R)-1- 
hydroxyethyl]-1 -methyl- 1-carbapen-2-em-3-carboxylic acid hydrochloride 

0.962 g of 4-nitrobenzyl (1R,5S,6^2K(2S,4SH^2-4'-nitrobenzyloxyc 
carbonyl}-1 -(4~nforobenzyloxycart>ony0p^^ R)-1 -hydroxyethyi}- 1 -methyl- 1 -carbapen-2-em- 

3-carboxylate [prepared as described in steps 54(b) (i) to 54(b) (T)) above] was dissolved in 30 ml of a 1 : 1 
by volume mixture of4etrahydrofuran and water, to which 1*2 ml of 1N aqueous hydrochloric acid had been 
added, and the mixture was hydrogenated by bubbling hydrogen through it in the presence of 1 g of 10% w/w 
palladium-on-charcoal. At the end of this time, the catalyst was removed by filtration and the filtrate was ex- 
tracted with ethyl acetate. The aqueous layer was concentrated by evaporation under reduced pressure, and 
the resulting residue was subjected to column chromatography through a Lobar column (Merck, LiChroprep 
RP-8, size B), using 3% v/v aqueous methanol as the eluent Those fractions containing the title compound 
were combined, concentrated by evaporation under reduced pressure and lyophilised, to give 181 mg of the 
title compound as a colourless powder. 

The infrared absorption spectrum and nuclear magnetic resonance spectrum of the compound thus ob- 
tained were identical with those of the compound prepared as described in step 54(a) (ii) above. 
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EXAMPLE 55 

(1 R.5S.6S)-2^(2S t 4S)-2-(1-Pipefrainylc 1-6-K1 R)-1-hydroxyethyll-1 -mo- 

th yM-caitMperh2-erTv3-cart)oxy1ic acid hydrochloride 

55(a) 4-Nftrobenzyl (1R,5S,6S)-2-[(2S,4S)-2-[4-(4-nitrobenzyoxyc^^ 
pyrrolidin^y<thtoV6-[(1RH-hydroxyeth^ 

7.0 g of diphenyiphosphoryi chloride and 3.4 g of diisopropylethyiamine were added dropwise, whOst ice- 
cooling, to a solution of 8.6 g of 4-nitrobenzyi (1R,5^6S)^(1^1-hydroxyethyl]-1-methyi-2-oxo-1-carbape- 
nam-3-cart>oxy1ate in 120 ml of dry acetonitrfle, and the resulting mixture was stirred at the same temperature : 
for 1 hour. 6.7 g of diisopropylethyiamine and a solution of 13.8 g of (2S,4S)-4-mercapto-2-[4-(4-nitrobenzy- 
Ioxycarfoonyl)-1-piperazinylcarbonyl}-1-methy1pyrrolidine trifluoromethanesulphonate in dry acetonitrfle were 
then simultaneously added dropwise to the mixture, whilst ice-coeling, and the resulting mixture was allowed 
to stand overnight whilst ice-cooling. At the end of this time, the reaction mixture was worked up and purified 
in a similar manner to that described in Example 49(a), to give 7.0 g of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), v^ crrr 1 : 

1771, 1706, 1647, 1521, 1436, 1346. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 6 ppm: 

1.27 (3H, doublet, J = 6.84 Hz); 

1.37 (3H, doublet, J = 6.35 Hz); 

1.79-1.95 (1H, multiplet); 

2.37 (3H ( singlet); 

2.60 - 2.81 (2H, multiplet); 

3.10 - 3.92 (13H, multiplet); 

3.97 - 4.33 (3H, multiplet); 

5.21 - 5.52 (4H, multiplet); 
7.53 (2H, doublet, J = 8.79 Hz); 
7.66 (2H, doublet, J = 8.79 Hz); 

8.22 & 8.24 (4H, two doublets, J = 8.79 Hz). 

55(b) (1 R,5S,6S)-2-[(2S,4S)-2-(1-Piperazlnylcarb^ R)-1-hydroxyethyl]- 
1-methyM-carbapen-2-em-3-carboxylic acid hydrochloride 

0.22 g of 4-nitrobenzyi (1f^5S,6S)-2-[(2S,4S)-2-[4-(4-nitrob 
methylpyrrolkJin-4-ylthio]-6-[(1l^1-hydro^ [prepared as de- 

scribed in step (a) above] was dissolved in a 1 : 1 by volume mixture of tetrahydrofuran and water, and the 
mixture was hydrogenated by bubbling hydrogen through it at room temperature for 2 hours in the presence 
of 0.22 g of 1 0% w/w palladium-on-charcoal. At the end of this time, the catalyst was removed by filtration, and 
the filtrate was washed witfrdiethyl ether. The remaining aqueous layer was concentrated by evaporation under 
reduced pressure, and the resulting residue was mixed with 0.35 ml of 1 N aqueous hydrochloric acid. The mix- 
ture was purified by reverse phase column chromatography through a Lobar column (Merck, UChroprep RP- 
8, size B) f using 2% v/v aqueous methanol as the eluent Those fractions containing the title compound were 
combined, concentrated by evaporation under reduced pressure and lyophilised, to give 98 mg of the title com- 
pound as a powder. 

Infrared Absorption Spectrum (KBr), Vrw car 1 : 
1759, 1657, 1600, 1451, 1383. 1266. 

Ultraviolet Absorption Spectrum (h^O) nm: 
296.6. 

Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 O f using sodium tetradeuterated trimethyfsOylpro- 
pionate as an internal standard), 6 ppm: 

1.21 (3H, doublet, J = 7.32 Hz); 
1.29 (3H. doublet J = 6.35 Hz); 
1.91 -2.1 9(1 H, multiplet); 
2.96 (3H, singlet*. . ^ 
3.15 - 3.43 (6H, multipl t); 

3.48 (1H, doubt tof doubl ts, J = 6.11 & 2.69 Hz); 
3.66 - 3.82 (4H, multiplet); - 
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3.89 - 3.93 (2H, multipl t); 
4.1 3 - 4.31 (3H V multiplet); 
4.64 - 4.83 (1H, multiplet). 

EXAMPLE 56 

(1K5S,6S)-2-r(2S t 4S)-2-(4-Cart>oxym^ 
thy|}-1-methyl-1-carfaapeiv2-env3-carboxylic acid 

56(a) 4-Nitrobenzyi (1R,5S,6S)-2^(2S,4S)-2-[4-(4-nitrobe 

pyrrolidin-4-ylth k>HH(1 R)- 1 -hydroxyethyi]- 1 -methyl-1 -carta pen-2-em-3-cart>oxylate 

290 til of diphenylphosphoryl chloride and 245 uf of diisopropyiethyiamine were added dropwise, whilst 
ice-cooling, to a solution of 500 mg of 4-nitrobenzyl (1R,5K6S>-6-{(1R>-1-hydroxyethyl]-1-methyl-2-oxo-1-car- 
bapenam-3-carboxylate in 5 ml of dry acetonitrile, and the resulting mixture was stirred at the same temperature 
for 1 hour. 520 ul of diisopropyiethyiamine and a solution of 1.57 g of (2S,4S)-4-mercapto-2-{4-(4-nrtroberizy- 
loxyc»rt>onylmethyl)-1-pipeiminylcarbonyl}-1-(4-nitrobenzyfox^ bis(trifluoromethanesul- 
phonate) (prepared as described In Preparation 56) in 5 ml of dry acetonitrile were then simultaneously added 
dropwise to the mixture, whilst ice-cooling, and the resulting mixture was allowed to stand overnight at the same 
temperature. At the end of this time, the solvent was removed by distillation under reduced pressure, and th 
resulting residue was subjected to column chromatography through a Lobar column (Merck, UChroprep Si60, 
size B), using with a 5 : 1 by volume mixture of ethyl acetate and methanol as the eluent Those fractions con- 
taining the title compound were combined and concentrated by evaporation under reduced pressure, to give 
706 mg of the title compound, as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1772, 1710, 1654, 1521, 1346. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 6 ppm: 

1.27 (3H, doublet, J = 7.3 Hz); 

1.37 (3H, doublet, J = 5.9 Hz); 

1.85-2.06 (2H. multiplet); 

2.53 - 2.77 (5H, multiplet); 

3.25 - 3.76 (10H, multiplet); 

4.03 - 4.28 (3H, multiplet); 

4.67 - 4.79 (1H, multiplet); 

5.06 - 5.52 (6H, multiplet); 

7.43 - 7.66 (6H, multiplet); 

8.20 & 8.25 (6H, multiplet). 

56(b) (1 R,5S > 6SV2-[(2S,4S>-2-(4-Carboxymethyl-1-piperazinylcarbonyl)pyrro R)-1-hy- 
droxyethyll-1-methyl-1"Cart)apen^-env3-carboxy1ic acid 

200 mg of 4-nitrobenzyl (1|^5^6§)-2-{(2^4§)-2-[4-(4-nitobenzvto 
bonynpyrrolidin-4-yithio)-6-[(1^1-hydroxyethyl}- 1-methyt-1-carbapen-2-em-3-carboxylate [prepared as de- 
scribed in step (a) above] were dissolved in 20 ml of a 1 : 1 by volume mixture of tetrahydrofuran and water, 
and the mixture was hydrogenated by bubbling hydrogen through it at room temperature for 2 hours in the pres- 
ence of 0.3 g of 1 0% w/w palladium-on-charcoal. At the end of this time, the catalyst was removed by filtration, 
and the filtrate was extracted with 30 ml of ether. The remaining aqueous layer was separated and concentrated 
by evaporation under reduced pressure. The resulting residue was subjected to column chromatography 
through a Lobar column (Merck, UChroprep RP-8, size B), using water as the eluent Those fractions containing 
the title compound were combined, concentrated by evaporation under reduced pressure and lyophilised, to 
give 20 mg of the title compound as a colourless powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1755, 1639, 1603, 1386. 
Ultraviolet Absorption Spectrum (HaO) nm (s): 

297(7753).- ..^ - ^ . 
Nuclear Magnetic Resonance Spectrum (270 MHz, 0 2 O) S ppm: 
1.02 (3H, doublet, J = 7.3 Hz); 
1.10 (3H, doublet, J = 6.3 Hz); 
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1.72-1.82 (1H, multiplet); 
2.77 - 2.88 (1H, multiplet); 
2.95- 3.10 (4H, multiplet); 
3.10-3.32 (3H, multiplet); 
3.39 (2H, singlet); 
3.44 - 3.75 (6H, multiplet); 
3.79-3.88 (1H, multiplet); 
4.01 -4.10(2H t multiplet). 

EXAMPLE 57 

(1 K5S,6S)-2-{(2R.4S)-2-[M2-Hydroxyeth^ R)-1-hydroxye- 
thyl}-1-methyl-1-carfaapen-2-em-3-carboxylic acid hydrochloride. 

57(a) 4-Nitrobenzyl (1R,5S,6S)-2-?(2R,4SV2-[4-(2-4'nitroberTzyioxyra 

nylH^^nitrobenzyioxycart>onyl)pyrrolidfo^ 

carboxylate 

109 ul of di phenyl phosphoryi chloride and 92 uf of diisopropylethyiamine were added dropwise, whilst 
ice-cooling, to a solution of 181 mg of 4-nitrobenzyl (1R,5R,6S)-6-I(1R)-1-hydroxyethylI-1-methyl-2-oxo-1-car- 
bapenam-3-carboxylate in 2 mi of dry acetonitrile, and the resulting mixture was stirred at the same temperature 
for 50 minutes. 87.1 ui of diisopropylethyiamine and a solution of 308 mg of (2R,4S)-4-mercapto-2-{4-[2-(4- 
nitrobenzyloxy<xirbonyl)oxyethyiM-pipera^ (prepared 
as described in Preparation 57) in 1 ml of dry acetonitrile were added dropwise to the mixture, whilst ice-cooling, 
and the resulting mixture was stirred at the same temperature for 5 hours. At the end of this time, the solvent 
was removed by distillation under reduced pressure, and the resulting residue was purified by chromatography 
through silica gel, using a 5 : 1 by volume mixture of ethyl acetate and methanol as the eluent Those fractions 
containing the title compound were combined and concentrated by evaporation under reduced pressure, to give 
277 mg of the title compound, as a powder. 

Infrared Absorption Spectrum (KBr), cm 

1771, 1750, 1710, 1650, 1607, 1522, 1443, 1347. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 . 270 MHz), 6 ppm: 

1.28 (3H, doublet, J = 6.84 Hz); 

1.36 (3H, doublet, J = 6.34 Hz); 

3.31 - 3.96 (8H, multiplet); 

4.01 - 4.33 (5H; multiplet); 
4.77 - 4.90 (1H, multiplet); 

5.02 - 5.55 (6H, multiplet); 
7.41 - 7.66 (4H, multiplet); 
8.19 - 8.25 (4H ( TTHiltiplet). 

57(b) (1 R,5S,6S^2-{(2R,4S)-2-[4-(2-Hydroxyeth^ R)-1 -hy- 

droxy ethyi]-1-methyi- lH^jl3aperH2^nrh3-carboxylic acid hydrochloride 

240 mg of 4-nitrobenzyl (1(^5§^6S)-2-{(2F^4S)-2-{4-(2-4'-nitro 
cart>onylM-(4-nitrobenzyioxycart>on 

3-carboxyiate [prepared as described in step (a) above] were dissolved in 8 ml of a 1 : 1 by volume mixture of 
tetrahydrofuran and water and mixed with 0.3 ml of 1N aqueous hydrochloric acid. The mixture was then hy- 
drogen ated by bubbling hydrogen through it at room temperature for 2 hours in the presence of 0.3 g of 10% 
w/w palladium-on-charcoal. At the end of this time, the catalyst was removed by filtration, and the filtrate was 
extracted with diethyl ether. The remaining aqueous layer was concentrated by evaporation under reduced 
pressure. The resulting residue was subjected to column chromatography through a Lobar column (Merck, Li- 
Chroprep RP-8, size A), using 3% v/v aqueous methanol as the eluent Those fractions containing the title com- 
pound were combined, concentrated by evaporation under reduced pressure and lyophfllsed, to give 35 mg of 

the tit! compound as a colourless powder. -- 

Ultraviolet Absorption Spectrum (H^O) Xrimx nm: 
297. 
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EXAMPLE 58 

(1R t 5S,6S)-2^(2R.4R)-2-[4-(2-Hydro 

thy1}-1-methy!-1-cart>apen-2-em-3-cart)oxylic acid hydrochloride 
58(a) 4-Nitro benzyl (1R,5S,6SV2^(2R,4R)-2-[4-(2-4'-nitrobenzyloxy 

ny j]-l^4-nftroben2yioxycaitonyt)pyrrdkjin"4-ylthio}-6- [(1 R)-1-hydroxyethyl}-1*methyt-1-cart)apen-2-em-3- 
carboxylate 

164 uf of diphenytphosphoryl chloride and 138 uf of diisopropyiethylamine were added dropwise, whilst 
ice-cooling, to a solution of 272 mg of 4-nitrobenzyi (1^5^6S)-6-[(1R)-1-hydroxyethy1}-1-methyl-2-oxo-1-car- 
bapenam-3-carboxytate in 3 ml of dry acetonttrile, and the resulting mixture was stirred at the same temperature 
for 1 hour. 131 uf of diisopropyiethylamine and a solution of 463 mg of (2R ( 4R>-4-mercapto-2{4-[2-(4-nitro- 
benzyioxycarbonyl)oxyethy1]-1-pipei^nylcaito in 2 ml of dry 

acetonrtrile were then simultaneously added dropwise to the mixture, whilst ice-coding, and the resulting mix- 
ture was stirred at the same temperature for 1.5 hours. At the end of this time, the solvent was removed by 
distillation under reduced pressure, and the resulting residue was purified by chromatography through silica 
gel, using a 9 : 1 by volume mixture of ethyl acetate and methanol as the eluent Those fractions containing 
the title compound were combined and concentrated by evaporation under reduced pressure, to give 490 mg 
of the title compound, as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1770, 1751, 1711. 1654, 1606, 1522, 1496, 1444, 1404, 1347, 1263, 1208. 

Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 5 ppm: 

1.27 (3H, doublet, J « 7.33 Hz); 
1.36 (3H, doublet, J = 5.86 Hz); 
1.82-2.05 (1H, multiplet); 

2.25- 3.10 (7H, multiplet); 
3.25 - 3.85 (9H, multiplet); 
4.05 - 4.86 (6H, multiplet); 
5.05 - 5.51 (6H, multiplet); 
7.43 - 7.67 (6H, multiplet); 
8.18 - 8.25 (6H, multiplet). 

58(b) (1R,5S,6S)-2-{(2R,4S)-2-[4-(2-HydroxyethylH^ 

droxyethyi 1-1 -methyl- 1 -carbaper>2-em-3-carboxylic acid hydrochloride 

191 mg of 4-nitrobenzyl (1F^5^6S)-2-{(2R,4|^2-[4-(2-4'-nitro^ 
carbonyi]-1-(4-nitrobenzyloxycart^ 

3-carboxylate [prepared as described in step (a) above] were dissolved in 8 ml of a 1 : 1 by volume mixture of 
tetrahydrofuran and water, and the mixture was hydrogenated by bubbling hydrogen through it at room tem- 
perature for 1 hour in the presence of 21 8 pi of 1 N aqueous hydrochloric acid and 0.3 g of 1 0% w/w pailadium- 
on- charcoal. At the end of this time, the catalyst was removed by fQtration, and the filtrate was extracted with 
diethyl ether. The remaining aqueous layer was concentrated by evaporation under reduced pressure, and the 
resulting residue was subjected to column chromatography through a Lobar column (Merck, UChroprep RP- 
8, size A), using 3% v/v aqueous methanol as the eluent Those fractions containing the title compound were 
combined, concentrated by evaporation under reduced pressure and lyophilised, to give 26 mg of the title com- 
pound as a colourless powder. 

Ultraviolet Absorption Spectrum (H 2 0) nm: 
297. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1758, 1659, 1595, 1451, 1385, 1261, 1181, 1145. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D2O, using tetradeuterated sodium trimethylsilyl pro- 
pionate as an internal standard), 6 ppm: 

1.20 (3H, doublet, J = 7.33 Hz); 

1.28 (3H, douWet,.J = 6.35 Hz); 

2.13 - 2.22 (1H, multiplet); 

2.91-3.03 (1H. multiplet); 

3.26- 3.63 (9H, multiplet); 
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3.75 - 4.11 (8H, multiplet); 
4.21 -4.30 (2H,multipl t); 
4.83-4.93 (1H. multiplet). 

EXAMPLES 59 TO 88 

Following a procedure similar to that described in Example 1 or Example 49, the following compounds were 
obtained by using the mercaptan shown in the corresponding one of Preparations 59 to 88. 

EXAMPLE 59 

(1 R,5S,6S)-2-{(2S,4S)-2-[(2S)-4-Acetimidoyl^ R)-1 - 

hydroxyethyl]-1-methyt-1-^rt)apen-2-ern-3-carboxylic acid 

Ultraviolet Absorption Spectrum (H 2 0) t nm: 
300. 

Infrared Absorption Spectrum (KBr), crrr 1 : 

1755. 1629, 1591, 1448, 1384, 1281. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0, using sodium tetradeuterated trimethylsflylpro- 
pionate as an internal standard), 5 ppm: 

1.21-1.36 (6H, multiplet); 

1.30 (3H, doublet, J = 6.35 Hz); 

1.58 - 1.75 (1H, multiplet); 

2.35 & 2.39 (together 3H, two singlets); 

2.63-2.85 (1H, multiplet); 

3.06 (1H, doublet of doublets, J = 12.21 & 3.42 Hz); 
3.18 (1H, doublet of doublets, J = 12.21 & 5.86 Hz); 
3.26 - 3.62 (4H. multiplet); 
3.65 - 4.67 (9H, multiplet). 



EXAMPLE 60 



(1R,5S,6S)-2^(2S,4S)-2-K2S)-4-Formim^ 
hydroxyethyll-1-methyl-1-carbapen-2-em-3-carboxylic acid 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
296. 

Infrared Absorption Spectrum (KBr), crrr 1 : 

1755, 17U, 1641,-1592, 1452, 1384. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 O p using sodium tetradeuterated trimethylsiiyipro- 
pionate as an internal standard), 6 ppm: 

1 .22 (3H, doublet, J = 7.3 Hz); 

1.58 (3H, doublet, J = 6.3 Hz); 

1 .24 & 1 .35 (together 3H, two doublets, J = 6.8 Hz); 

1.62- 1.77 (1H. multiplet); 

2.68- 2.89 (1H, multiplet); 

3.06 - 4.50 (15H, multiplet); 

7.93, 7.96, 8.03 & 8.19 (together 1H, four singlets). 

EXAMPLE 61 

(1 R f 5S,6S)-2-{(2S.4S)-1-Methy1-2-[(3S)-3-acetimidoylamin pyrrolidin-1-ylcart)onyqpyrrolidin-4-ylthio}-6- 
[(1R)-1-hydit)xyethy1l-1-methy1carbapen-2-em-3-carboxylic acid 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
301. 

Infrared-Absorption Spectrum (KBr), crrr 1 : 
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1756, 1682, 1632, 1593, 1453, 1385. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0, using sodium tetradeuterated trimethytsOylpro- 
pi nate as an internal standard), 6 ppm: 

1.21 (3H, doublet, J = 7.32 Hz); 
1.30 (3H, doublet, J = 6.35 Hz); 
1.60-1.75 (1H, multiplet); 

2.24 (3H, doublet, J = 2.93 Hz); 
2.28 (3H, doublet J = 4.88 Hz); 
2.70 - 2.90 (2H, multiplet); 
3.05- 3.15 (1H, multiplet); 

3.25 - 3.50 (3H, multiplet); 
3.50 - 4.05 (7H, multiplet); 
4.15 - 4.40 (3H, multiplet). 

EXAMPLE 62 

(1Fl5S t 6S)-2-[(2S t 4S)-2-(3-AcetimkJ^ 

thy1}-1 -methyl- 1 -carbapen-2-em-3-carboxylic acid 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
300. 

EXAMPLE 63 

(1R,5S,6S)-2-[(2S,4S)-1-Methy1-2^ 

hydroxyethyll-1 -methyl- 1 -carbapen-2-em-3-carboxylic acid 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
300. 

EXAMPLE 64 

(1R,5S,6S)-2-[(2S,4S)-1-Methyl-2-(4-formimidoylpiperazin-1-ylcarbonyl)pyrrolid 
droxyethyl}- 1 -methyl- 1 -cart>apen-2-em-3-carboxylic acid 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
300. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1754, 1707, 1651, 1595, 1450, 1385, 1285. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 O t using sodium tetradeuterated trimethylsQytpro- 
pionate as an internal standard), 5 ppm: 

1 .21 (3H, doublet J = 7.3 Hz); 

1.30 (3H, doublet J = 6.4 Hz); 

1.68 (1H, doubled doublet of doublets, J = 13.7, 8.8 & 5.4 Hz); 

2.34 (3H, singlet); 

2.78 - 2.95 (2H, multiplet); 

3.14 (1H, doublet of doublets, J = 12.2 & 1.4 Hz); 

3.30 - 3.45 (2H, multiplet); 

3.53 - 3.95 (10H, multiplet); 

4.18 - 4.30 (2H, multiplet); 

7.92 (1H, singlet). 

EXAMPLE 65 

(1 K5S,6S^2^(2S,4S)-1-Memyl-2-[(2S)-4-acetimidoyl-2-methy1pip^razin-1 -ylcartx>nyl]pyrrolldin-4-ylthi )-6- 
[(1 R)-1 -hydroxyethyll-1 -methyM-carbapen-2-em-3-carboxylic acid 



Ultraviolet Absorption-Spectrum (H 2 0), Ji^ nm. 
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299. 
EXAMPLE 66 

(1R,5S,6S)-2-[(2S,4SH-Ac*ti^ 
methyl- 1-carbapen-2-em-3-carboxylic acid 

Ultraviolet Absorption Spectrum (H 2 0) ( nm: 
297. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1754,1663,1594,1489,1455,1384,1252,1209. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0, using sodium tetradeuterated trimethylsflytpro- 
pionate as an internal standard), 6 ppm: 

1 .21 (3H, doublet* J = 7.32 Hz); 
1.30 (3H, doublet, J = 6.35 Hz); 
2.09 - 2.24 (1H, multiplet); 

2.16 & 2.38 (together 3H, two singlets); 
2.80 - 3.95 (1 3H. multiplet); 
3.96 - 4.33 (3H, multiplet); 

5.04 - 5.11 & 5.24 - 5.32 (together 1H, two multiplets). 
EXAMPLE 67 

(1R,5S,6S)-2-[(2S,4SH-Formimkloyl-2-(1^ 
methyl- 1 -carta pen-2-em-3-carboxylic acid 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
297. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1754, 1708, 1660, 1594, 1489, 1455, 1395, 1251, 1209. 
Nuclear Magnetic Resonance Spectrum (400 MHz, D 2 0, using sodium tetradeuterated trimethylsilyipro- 
pionate as an internal standard), 8 ppm: 

1.22 (3H, doublet, J = 7.32 Hz); 
1 .29 (3H # doublet J = 6.40 Hz); 
2.08- 2.19 (1H, multiplet); 
2.98 - 4.33 (16H, multiplet); 

5.06 - 5.10 & 5.19 - 5.23 (together 1H, two multiplets); 
7.86 & 8.11 (together 1H, two singlets). 

EXAMPLE 68 

(1R,5S,6S)-2-[(2S,4SH-AGetimidoyl-2-(4-a^ 
hydroxyethyl]-1 -methyl- 1-carfaapen-2-env3-carboxy1ic acid 

Ultraviolet Absorption Spectrum (H2O), nm: 
300. 



EXAMPLE 69 

(1R,5S,6S)-2-[(2S,4SH-Acetimidoyl-2-(4-fo^ 
hydroxyethyl}- 1 -methyl- 1 -carbapen-2-em-3-carboxyl ic acid 

Ultraviolet Absorption Spectrum (H 2 0) f ^ nm: 
300. ... 
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EXAMPLE 70 

(1 R,5S,6S)-2-I(2S,4S>-1-Formlmkloyl-2-(4-formlmid ylpiperazin-1 -ylcart>onyt)pyrrolidir>-4-ylthlol-6-H1 RH - 
hydroxyethyl]- 1 -methyl- 1 -carba pen-2-e m-3-carboxyl 1c acid 

Ultraviolet Absorption Spectrum (H2O), ^ nm: 
300. 

EXAMPLE 71 

(1R,5S t 6S)-2-[(2S,4S)-1-Formimidoyl-2-(4-acetim^ 
hydroxyethyil-1-methyt-1-carbapen'2-em-3-carfaoxylic acid 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
300. 

EXAMPLE 72 

(1R,5S,6S)-2-[(2S,4SH-Acetimidoy1-2-[(3S)-3-acetim 

6-[(1 R)-1 -hydroxyethyll-1 -methyl carbapen-2-em-3-carboxyiic acid 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
301. 

Infrared Absorption Spectrum (KBr), cmr 1 : 
1756, 1633, 1594, 1452, 1385. 

EXAMPLE 73 

(1R,5S,6S)-2K(2S t 4SH-Ac»timidoyl-2-[(3S)-3-fo^ 

6-[(1 R)-1 -hydroxy ethyl]-1 -methyl cartoapen-2-en>3-carboxy1ic acid 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
301. 

EXAMPLE 74 

(1R,5S,6S)-2K(2S,4SH-Acetimidoyl-2^(3S 
droxyethy1l-1-methyicarbapen-2-efn-3-carboxylic acid 

Ultraviolet Absorption Spectrum (H2O), ^ nm: 
297. 

EXAMPLE 75 

(1R,5S,6S)-2-{(2S,4S)-1-Formimidoy1-2 r [(3S)-3-acetim 

6-[(1 R)-1 -hydroxyethyll-1 -methyl cartoapen-2-env3-cart>oxylic acid 

Ultraviolet Absorption Spectrum (H2O), ^ nm: 
301. 

EXAMPLE 76 

(1R.5S,6SV2-{(2S,4SH-Formlmldoyl-2-[(3S)-3-^ )- 
6-[(1RH-hydroxyethyl>1-methylcarbapen-2-enfv3-cartx>xy^ add 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
301. 
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EXAMPLE 77 

hydroxyethy1l-1-methylcarbapen-2-em-3-cart)oxyllc acid 

Ultraviolet Absorption Spectrum (H2O), Kmx nm: 
297. 

EXAMPLE 78 

(1 R f 5S,6S)-2-[(2S t 4S)-1-Acetirnidoyl-2-(homopiperazin-1 -ylcarbonyl)pyrrolidin-4-ylthio]-6-[(1 RH -hydroxy e- 
thyl}- 1 -methyl- 1 -carbapen-2-em-3-carboxylic acid 

Ultraviolet Absorption Spectrum (KfeO); nm: 
297. 

EXAMPLE 79 

(1R,5S,6S)-2-[(2S,4SH-Acetimidoyl-2-(4-fbrm 

[( 1 RH -hydroxyethylH -methyl-1 -carbapen-2-em-3-carboxylic acid 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
300. 

EXAMPLE 80 

(1R,5S^S)-2-[(2S t 4SH-Formimidoyl-Hhon 
yethylH -methyl- 1 -carbapen-2-em-3-carboxy1ic acid 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
297. 

EXAMPLE 81 

(1R,5S,6S)-2-[(2S.4S)-1-Formimidoy1-2-(^ 

[(1 R)-1 -hydroxyethyll-1 -methyl-1 -carbapen-2-em-3-carboxylic acid 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
300. 

EXAMPLE 82 

(1R t 5S,6S)-2-{(2S,4S)-2-[(3SV3-(N-Methyt-N-acetimidoylaminopyrrdidin-1-^ 
[(1 R)-1-hydroxyethyl}-1 -methyl carbapen-2-em-3-carboxytic acid 

Ultraviolet Absorption Spectrum (H 2 0), ^ nm: 
300. 

EXAMPLE 83 

(1R,5S,6S)-2-K2S ( 4S)-2-(2-HydroxymethyW^ 
thyl}-1-methyl-1-carbapen-2-em-3-cart>oxylic acid hydrochloride 

Ultraviolet Absorption Spectrum (H2O), ^ nm: 

297. - -- -~ - — 
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EXAMPLE 84 

(1R5S,6S)-2-[(2S,4S)-2-(4-Acetimto^ 

1 - hydroxyethyl]- 1 -methyl- 1 -carbapen-2-em-3-carboxyl ic acid 

5 

Ultraviolet Absorption Spectrum (H 2 0) f nm: 
301. 

EXAMPLE 85 

10 

(1R,5S,6S)-2-[(2S,4S)-2-(6-Hydroxyto 

1 -memyM -carbapen-2-em-3-carboxy1 ic acid hydrochloride 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
15 296. 

EXAMPLE 86 

(1 R # 5S,6S)-2-[(2S t 4S)-2-(4-Formimidoyl-6-hydroxyhomopipera2in-1 -ylcajbonyl)pyrrolidin-4-ylthio]-6-[(1 R)- 
20 1-hydroxyethyl]-1 -methyl-1-carbapen-2-em-3-carboxylic acid 

Ultraviolet Absorption Spectrum (H 2 0), K*x nm: 
300. 

25 EXAMPLE 87 

(1R t 5S,6S)-2-[(2S,4SH-Acetimidoyl-2-(4-acetim^ 

[(1 R)-1 -hydroxy ethyl]-1 -methyl- 1 -carba pen-2-em-3-carboxyi ic acid 

30 Ultraviolet Absorption Spectrum <H 2 0), nm: 

300. 

EXAMPLE 88 

35 (1 R t 5S,6S)-2-[(2S i 4S)-1-methyi-2-(4-formimidoylhomopiperazin-1 -ylcart>onyqpyrrolidin-4-ylthio]-6-[(1 R)-1 - 
hy d roxy ethyl ]- 1 - methyl- 1 -ca rb a pe n -2-e m- 3-carboxyl ic acid 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
300. 

40 - — . ■ - ■ 

PREPARATION 1 

(2S,4S)-4-Mercapto-2-[4-(N-4-nitroberg^ 
ycarbonyl)pyrrolidine trifluoromethanesulfonate 

45 

1(0 (2S,4S)^4-Memoxybenzylmto)-2-(4-t-butoxycarbonylpipera2i^ car- 
bonyi)pyrrolidine 

1 .78 g of NjN'-cart>onyJdiimidazo!e was added to a solution of 4.46 g of (2S,4S)-4-(4-methoxybenzylthio)- 
so 1-(4-nitrobenzyioxycart>onyi)-2-pyrr^ acid in 45 ml of dry acetonitrtle, and the resulting mixture 

was stirred at room temperature for 1 hour. The reaction mixture was then cooled with Ice, and a solution of 
2.05 g of 1-t-butoxycarbonylpiperazine in 45 ml of dry acetonitrOe was added to the mixture, which was then 
allowed to stand overnight at room temperature. At the end of this time, the reaction mixture was concentrated 
by evaporation under reduced pressure, and the concentrate was diluted with ethyl acetate. The ethyl acetate 
55 solution was washed with water and with an aqueous soiuti n of sodium chloride and was then dried over an- 
hydrous magnesium sulphate. The solvent was removed by distfllation under reduced pressure, and the re- 
sulting residu was purified by column chromatography through silica gel, using a 3 : 2 by volume mixture of 
ethyl acetate and cyci hexane as the eluent, to giv 5.4 g of the title compound, as a powder. 
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Infrared Absorption Spectrum (KBr), v TO cnr 1 : 

1699. 1658, 1609, 1585, 1512, 1456, 1377, 1366, 1344, 1286, 1237, 1205. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 6 ppm: 

1.47 (9H f singlet); 
5 1.73- 1.87 (1H,muitiplet); 

2.40 - 2.52 (1 H, multiplet); 

3.03- 3.17 (1H, multiplet); 

3.25 - 4.09 (10H, multiplet); 

3.73 (2H, singlet); 
10 3.79 & 3.80 (together 3H, two singlets); 

4.57 & 4.61 (together 1H, two triplets, J = 8.30 Hz); 

5.01 - 5.32 (2H, multiplet); 

6.85 (2H, doublet, J = 8.79 Hz); 

7.23 (2H, doublet, J = 8.79 Hz); 
15 7.41 & 7.47 (together 2H, two doublets, J = 8.79 Hz); 

8.18 & 8.22 (together 2H, two doublets, J = 8.79 Hz). 

1 (ii) (2S,4S)-4-(4-Methoxybenzylthfo)-2-(1 -piperazinylcarbonyl)- 1 -(4-nitrobenzyloxycarbony1)pyrrolidine hy- 
drochloride 

20 

27 ml of a 4N ethyl acetate solution of hydrogen chloride were added to a solution of 5.2 g of (2S,4S)-4- 
(4-methoxybenzylthio)-2-(4-t-butoxycart»^ 

[prepared as described in step (i) above] in 27 ml of ethyl acetate, and the resulting mixture was heated under 
reflux for 2 hours. At the end of this time, the reaction mixture was concentrated to dryness by evaporation 
25 under reduced pressure, and the resulting concentrate was triturated with diethyl ether. The powder thus ob- 
tained was collected by filtration and dried to give 4.2 g of the title compound. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1708, 1662, 1609, 1585, 1512, 1434, 1404, 1346, 1319, 1301, 1246, 1209. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 0, 270 MHz), 5 ppm: 
30 1.53-1 .68 (1 H, multiplet); 

2.58-2.75 (1H, multiplet); 
2.90 - 3.94 (11H, multiplet); 
3.71 & 3.74 (together 3H, two singlets); 
3.78 (2H, singlet); 
35 4.70 & 4.80 (together 1 H, two triplets, J = 8.06 Hz); 

5.03 - 5.23 (2H, multiplet); 
6.89 (2H, doublet, J = 8.30 Hz); 
7.27 (2H, doublet, J = 8.30 Hz); 
7.51 & 7.60 (together 2H, two doublets, J = 8.79 Hz); 
40 8.23 & 8.25 (together 2H, two doublets, J = 8.79 Hz). 



1(iii) (2S,4S)-4-(4-Methoxybenzythio)-2-[4-(N-4-nito 
1-(4-nitrobenzy1oxycarbony0pyrrolidine 

45 

11 ml of methylene chloride, followed by 452 mg of N-(4-nitrobenzyloxycarbonyl)acetamidine, were added 
to a solution of 1.1 g of (2^4S)-4-(4-methoxybenzylthio)-2-(1-pi^ 

nyt)-pyrrolidine hydrochloride [prepared as described in step (ii) above] in 22 ml of methanol, whilst heating 
the solution under reflux. The resulting mixture was then heated under reflux for a further 4 hours. At the end 
so of this time, the reaction mixture was freed from the solvent by distillation under reduced pressure, and the re- 
sulting residue was purified by column chromatography through silica gel, using a 20 : 1 by volume mixture of 
ethyl acetate and methanol as the eluent to give 466 mg of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1709, 1662, 1608, 1570, 1520, 1430, 1405, 1346, 1291, 1254. 
55 Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 6 ppm^ _ 

1 .73 - 1 .94 (1 H, multiplet); 
2.30 & 2.40 (together 3H, two singlets); 
2.38 -_2.52 (1H, multiplet); 
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3.03- 3.18 (1H, multiplet); 
3.11 - 4.05 (10H, multiplet); 
3.73 (2H, singlet); 

3.79 & 3.80 (together 3H, tw singlets); 
5 4.52 - 4.63 (1 H, multiplet); 

4.98 - 5.35 (4H, multiplet); 

6.85 (2H, doublet J = 8.30 Hz); 

7.23 (2H, doublet J = 8.30 Hz); 

7.40 - 7.63 (4H, multiplet); 
10 8.16 - 8.25 (4H. multiplet). 

1(iv) (2S,4S)-4-Merapto-2-[4-(N-4-nitrobenzyloxy 
zyloxycarbonyQpyrrolidine trifluoromethanesulfonate 

is 3.2 ml of trif luoroacetic acid and 103 uf of trif luoromethanesul phonic acid were added to a solution of 430 

mg of (2§^4S)^(4-methoxybenzy1thio)-2-[4-^ 

1-(4-nrtrobenzyfoxyrarbonyl)pyrrolidine [prepared as described in step (iii) above] in 636 uf of anisole, and the 
resulting mixture was stirred for 1 hour, whilst ice-cooling. At the end of this time, the reaction mixture was freed 
from the solvent by distillation under reduced pressure, and the residue was repeatedly washed with diethyl 
20 ether by decantation, to give 450 mg of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1782, 1705, 1634, 1610, 1522, 1441, 1406, 1348, 1277, 1249, 1224. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 0, 270 MHz), 8 ppm: 
1.52-1.78 (1H, multiplet); 
25 2.57 - 4.08 (1 5H, multiplet); 

4.65 - 4.84 (1H, multiplet); 
5.04 - 5.28 (4H, multiplet); 
7.49 - 7.69 (4H, multiplet); 
8.20 - 8.28 (4H, multiplet). 



PREPARATION 2 

(2S,4S)-4-Mercapto-2-[4-(N-4-nitrobe 
35 benzyloxycarbonyl)pyrrolidine trifluoromethanesulfonate 

2(i) (2S,4S)-4-(4-Methoxybenzylthto)-2-(1-hom 
dine hydrochloride 

40 1 .95 g of N,N'-carbonyldiimidazole were added to a solution of 4.5 g of {2S f 4S)-4-(4-methoxybenzylthio)- 

1-(4-nitrobenzyloxyc»rt)onyl)-2-pyrrdklinecart>oxylic acid in 45 ml of dry acetonitrile, and the resulting mixture 
was stirred at room temperature for 1 hour. A solution of 2.0 g of homopiperazine in 10 ml of dry acetonitrile 
was then added to the reaction mixture, and the mixture thus obtained was stirred at room temperature for 2 
hours and at 35°C for 30 minutes. At the end of this time, the reaction mixture was concentrated by evaporation 
45 under reduced pressure, and the resulting concentrate was diluted with ethyl acetate. The diluted solution was 
washed with water and with an aqueous solution of sodium chloride. The ethyl acetate solution was then dried 
over anhydrous magnesium sulphate and concentrated by evaporation under reduced pressure. The concen- 
trate was dissolved in 44 ml of ethyl acetate, and the solution thus obtained was mixed with 2.5 ml of a 4N 
solution of hydrogen chloride in ethyl acetate; the mixture was then concentrated by evaporation under reduced 
so pressure. The residue was triturated with diethyl ether, and the resulting powder was collected by filtration and 
then dried, to give 4.6 g of the title compound. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1706, 1656, 1609, 1585, 1512, 1431, 1405, 1346, 1320, 1301, 1246, 1210. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulph xid + D 2 0, 270 MHz), 5 ppm: 
55 1.54 - 1.72 (1H, multipLet); ........ 

1.86 - 2.14 (2H, multiplet); 
2.60 - 2.72 (1 H, multiplet); 
2.94 - 3.96 (1 1 H, multiplet); _ 
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3.72 & 3.74 (together 3H, two singlets); 
3.79 (2H, singlet); 
4.62 - 4.82 (1H, multiplet); 
5.05 - 5.26 (2H, multiplet); 
5 6.87 (2H, doublet J = 8.30 Hz); 

7.27 (2H, doublet J = 8.30 Hz); 

7.52 & 7.60 (together 2H, two doublets, J = 8.79 Hz); 

8.22 & 8.25 (together 2H, two doublets, J = 8.79 Hz). 

10 2(ii) (2S,4S)^(4-Methoxyberizyithlo)-2-[4-(N^nitrob 
bo nyi}-1 -(4- nitrobenzyloxycarbonyl) pyrrolidine 

25 ml of methylene chloride were added to a solution of 2.5 g of (2S^4S)-4-(4-methoxybenzyfthio)-2-(1- 
homopipei^inylcaj1>onyl)-1-(4-nitrobenzyloxycarbonyl)pyrrolidine hydrochloride [prepared as described in 
is step (i) above] in 25 ml of methanol, which was being heated under reflux, and then 904 mg of N r (4-nitroben- 
zy1oxycarbonyl)acetamidine were added to the resulting mixture. The reaction mixture was heated under reflux 
for a further 5 hours, after which it was worked up and purified by the same procedure as described in Prep- 
aration 1 (iii), to give 415 mg of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), cm - 1 : 
20 1753, 1708, 1657, 1608. 1564, 1520, 1429, 1404, 1346, 1319, 1301, 1274, 1250, 1229. 

Nuclear Magnetic Resonance Spectrum (CDC? 3 , 270 MHz), 5 ppm: 
1.70-2.60 (7H, multiplet); 
3.02- 3.17 (1H, multiplet); 
3.22 - 4.60 (11H, multiplet); 
25 3.716 & 3.723 (together 2H, two singlets); 

3.781 & 3.786 (together 3H, two singlets); 
4.93 - 5.44 (4H t multiplet); 

6.83 & 6.85 (together 2H f two doublets, J - 8.79 Hz); 
7.22 (2H. doublet J = 8.79 Hz); 
30 7.41 - 7.58 (4H, multiplet); 

8.16 - 8.26 (4H, multiplet). 

2(iii) (2S,4S)-4-Mercapto-2-[4-(N-4-nitrobenzyloxycar^^ 
trobenzyloxycarbonyQpyrrolidine trifluoromethanesuifonate 

35 

2.1 ml of trif luoroacetic add and 67 \i£ of trifluoromethanesul phonic acid were added to a solution of 285 
mg of (2S/4S)-4-(4wTiethoxybenzy1thio}-2 

bonyQ-1-(4-nitrobenzy1oxycarbonyl)pyrrolidine [prepared as described in step (ii) above] in 414 til of anisole, 
and the resulting mixture was stirred for 1 hour, whilst ice-cooling. At the end of this time, the reaction mixture 
40 was worked up by the same procedure as described in Preparation 1 (iv), to give 296 mg of the title compound, 
as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1781, 1701, 1632, 1609, 1523, 1495, 1437, 1406, 1348, 1279, 1258, 1225, 1213. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 0, 270 MHz), S ppm: 
45 1.55 - 4.12 (18H, multiplet); 

4.56 - 4.83 (1H, multiplet); 
5.03 - 5.31 (4H. multiplet); 
7.48 - 7.68 (4H, multiplet); 

8.17 - 8.27 (4H, multiplet). 



55 
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PREPARATION 3 

(2S,4S)^Meirapto-2-[(3S)-4-(hM-nftro benzyls 
nitrobenzyl xycarbonyQpyrrolidine frifluoromethanesulf nate 

3(i) (2S t 4SH^4-Methoxybenzylthto)-2-K 
nyl)pyrrolidine hydrochloride 

Following a procedure similar to that described in Preparation 2(i)» but using 4.5 g of (2S,4S)-4-(4-methox- 
ybenzylthio)-1^4-nrtrobenzy!oxyc»rt>on acid, 1.78 g of N,N'-carbonyldiimidazole 

and 1.4 g of (2S)-2-methylpiperazine, 5.3 g of the title compound were obtained, as a powder. 

3(H) (2S,4S)-4-(4-Methoxybenzy1thio)-2-[(3S)^(N^nitro^^ 
1 -yi carbonyl}- 1 -(4-nitrobenzyloxycart>onyl)pyr rolidine 

2.26 g of (2S,4S)-4-(4-methoxybenzylthIo)-2-[(3S)-3-^ 
carbonyi)pyrrolkline hydrochloride {prepared as described in step (i) above] were mixed with 1.14 g of N-(4- 
nitrobenzyloxycart>ony1)acetamidine and 45 ml of acetonitrfle, and the mixture was heated under reflux for 16 
hours. At the end of this time, the reaction mixture was worked up and purified by the same procedure as de- 
scribed in Preparation 1(ii), to give 922 mg of the title compound, as a powder. 

3(iii) (2S,4S)-4-Mercapto-2-[(3S)-4-(N-4-nitroben 

ny1]-1 -(4- nitro ben zyloxy carbonyl) pyrrolidine trif luoromethanesulfonate 

Following a procedure simOar to that described in Preparation 2(iii) t but using 458 mg of (2S,4S)-4-(4-me- 
thoxybenzylthio)-2-[(3S)-4-(N-4-nitrobenzyl 

benzyloxycarbonyl)pyrrolidine [prepared as described in step (ii) above], 475 mg of the title compound were 
obtained as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1782, 1704, 1623, 1523, 1441, 1407, 1348, 1280, 1252, 1225. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 0, 270 MHz), S ppm: 

1.09-1.28 (3H, multiplet); 

1.53-1.78 (1H, multiplet); 

2.22-2.42 (1H, multiplet); 

2.67-3.46 (10H, multiplet); 

3.90-4.31 (3H, multiplet); 

4.63-4.90 (1H, multiplet); 

5.02 - 5.28 (4H, multiplet); 

7.46 - 7.70 (4H, multiplet); 

8. 1 9 - 8.28 (4H. multiplet). 

PREPARATION 4 

(2S ( 4S)^Mercapto-2-[4-(N-4-nitrobenzyioxycart 
loxycarbonyl) pyrrolidine 

4(i) (2S,4S)^4-Methoxybenzylthio)-2-[4-(N^nitrobenzyto 
1-(4-nitrobenzyloxycarbonyl)pyrrolidine 

A suspension of 5.51 g of (2S,4S)-4-(4-methoxybenzytthio)-2-(1-p^ 
ycarfoonyt)pyrrolidine hydrochloride [prepared as described in Preparation 1(H)] and 2.45 g of N-(4-nrtrobenzy- 
loxycarbonyl)formamidine in 10 ml of dry acetonitrile was stirred for 2 hours on a water-bath kept at 50°C. At 
the end of this time, the reaction mixture was freed from impurities by f Otration, and the filtrate was concentrated 
by evaporation under reduced pressure. The resulting residue was purified by column chromatography through 
silica gel, using a 6 : 4 by volume mixture^fethy] acetate and acetonitrfle as. the eluent, to give 5.48 g of the 
title compound, as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1716, 1652, 1598, 1516, 1346, 1162, 1007. 
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Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), S ppm: 
1 .75- 1.95 (1H, multiplet); 
2.35-2.53 (1H, multiplet); 
3.05- 3.19 (1H, multiplet); 
3.73 (2H, singlet); 
3.79 (3H, singlet); 
3.30- 4.13 (9H, multiplet); 
4.53-4.66 (1H, multiplet); 
5.15 & 5.18 (2H, AB-quartet J = 13.7 Hz); 
5.29 (2H, singlet); 
6.85 (2H, doublet J = 8.3 Hz); 
7.23 (2H, doublet. J = 8.3 Hz); 
7.46 (2H, doublet, J = 8.3 Hz); 
7.58 (2H, doublet, J = 8.3 Hz); 

8.21 (2H, doublet, J = 8.3 Hz); 
8.23 (2H, doublet J = 8.3 Hz); 
8.52 (1H, singlet). 

4(H) (2S,4S)-4-Meroapto-2-[4-(N-4-nitrobenzylo^ 
zyloxycarbonyQpyrrolidine 

1 5 ml of trif luoroacetic acid and 460 \x? of trif luoromethanesulphonic acid were added to a solution of 2.50 
g of (2S,4S)-4-(4-memoxybenzylmio)-2-[4-(N^nitro^ 

1- (4-nitrobenzyloxycart)onyl) pyrrolidine [prepared as described in step (i) above] in 3 mi of anisole, and the 
resulting mixture was stirred for 1 hour, whilst ice-cooling. The solvent was removed by distillation under re- 
duced pressure, and the resulting residue was washed with diethyl ether, to give 2.55 g of (2S,4S)-4-mercapto- 

2- [4-(N-4-nitrobenzyloxycart>onylformimidoyl)piperazir^ 

trifluoromethanesulphonate as a powder. The whole of this product was dissolved in a mixture of ethyl acetate 
and water, and the solution was made alkaline by adding an aqueous solution of sodium hydrogencarbonat . 
The ethyl acetate layer was separated and washed with water and with an aqueous solution of sodium chlorid , 
in that order. The solution was dried over anhydrous sodium sulphate, and then the solvent was removed by 
distillation under reduced pressure, to give 2.0 g of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), cnrr 1 : 

1709, 1660. 1603, 1521, 1440, 1346. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 6 ppm: 

1.89 (1H, doublet J = 8-6 Hz); 

1.85-2.02 (1H, multiplet); 

2.63 - 2.83 (1H, multiplet); 

3.22 -4.17 (11 H, multiplet); 

4.71 (1H, triplet J = 8.3 Hz); 

5.19 & 5.22 (together 2H, AB-quartet J = 13.7 Hz); 
5.27 (2H, singlet); 

7.50 (2H, doublet J = 8.8 Hz); 
7.57 (2H, doublet J « 8.8 Hz); 

8.20 (2H, doublet J = 8.8 Hz); 

8.22 (2H, doublet J = 8.8 Hz); 
8.54 (1H, singlet). 

PREPARATION 5 

(2S,4S)-4-Merapto-2-[4-(N-4-nitrobenz^ 
benzyloxycarbonyi) pyrrolidine 

Following a procedure simQar to that described in Preparation 4, but using 2.10 g of (2S,4S)-4-(4-methox- 
~ -ybenzylthlo)-2^1-hQrTX)piperazin^^ hydrochloride [prepared-* 

as described in Preparation 20)] and 0.93 g of N-(4-nitrobenzy1oxycart»nyl)fom 2.38 g of th trifluor- 

omethanesulphonate of the title compound were btained. Th salt was treated by the same procedure as de- 
scribed in Preparation 4(ii), to give 1 .90 g of th title compound. 
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Infrared Absorption Spectrum (KBr), cnr 1 : 

1709, 1679, 1653, 1600, 1519, 1345, 1159. 
Nuclear Magn tic Resonanc Spectrum (CDCf 3 , 270 MHz), 5 ppm: 

1.80- 1.92 (2H, multiplet); 
5 2.00 - 2.15 (1H f multiplet); 

2.63 - 2.80 (1 H, multiplet); 

3.18 - 4.35 (11H, multiplet); 

4.55 - 4.67 (1H, multiplet); 

5.10 - 5.30 (4H, multiplet); 
10 7.40 - 7.60 (4H. multiplet); 

8.15 - 8.26 (4H, multiplet); 

8.42 - 8.56 (1H, multiplet). 

PREPARATION 6 

15 

(2S,4S)-4~Mercapto-2-[(3S)-4-(N^nitrobenzyloxy-ra 
(4-nitrobenzytoxycarbonyl)pyrrolidine trifluoromethanesulfonate 

Following a procedure similar to that described in Preparation 4, but using 1.13 g of (2S,4S)-4-<4-methox- 
20 ybenzylmio)-2-{(3S>-3-methylpipei^in-1-ylcart)onyll-1-(4-nitro hydrochloride 
and 491 mg of N : (4-nitrobenzyloxycart>ony1)formamidine, 1.0 g of the title compound was obtained. 
Infrared Absorption Spectrum (KBr), cnrr 1 : 

1785, 1688, 1608, 1523, 1444, 1408, 1349, 1248, 1223. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 O t 270 MHz), 6 ppm: 
25 1.10 - 1.28 (3H, multiplet); 

1.60-1.78 (1H, multiplet); 
2.65 - 3.45 (8H, multiplet); 

3.88 - 4.30 (3H, multiplet); 
3.65-3.89 (1H, multiplet); 

30 5.02 - 5.27 (2H, multiplet); 

5.36 (2H, singlet); 

7.49 - 7.70 (4H, multiplet); 

8.20 - 8.28 (4H, multiplet); 

8.89 (1H, singlet). 

35 

PREPARATION 7 

(2S,4S)^Mercapto-2-[2-methyM-(4-nito 
bonyl)pyrrolidine 

40 

7(i) (2S,4S)-4^4-Memyoxybenzylthio)-2^4-t-brt 
zyloxy carbonyt)pyrrol id in e 

3.41 ml of triettiyiamine and 3.03 ml of pivaloyl chloride were added dropwise to a solution of 9.99 g f 
45 (2S^4S)^(4-methoxybenzylthio)-1-(4^ acid in 100 ml of dry 

acetonitrile, whilst ice-cooling, and the resulting mixture was stirred at the same temperature for 20 minutes. 
A solution of 5.38 g of 1-t-butoxycarbonyl-3-methy1piperazine in 50 ml of dry tetrahydrofuran was then added 
dropwise to the mixture, and the mixture was stirred at the same temperature for 30 minutes and then at room 
temperature for 2 hours. At the end of this time, the reaction mixture was concentrated by evaporation under 
so reduced pressure, and the residue was diluted with ethyl acetate. The diluted solution was washed, in turn, 
with a 1N aqueous solution of oxalic acid, with water and with an aqueous solution of sodium chloride. The 
ethyl acetate solution was dried over anhydrous magnesium sulphate, and the solvent was removed by distil- 
lation under reduced pressure. Th residue was purified by column chromatography through silica gel, using 
a gradient elution method, with mixtures of ethyl acetate and cydohexane ranging from 1 : 1 to 3 : 2 by volume 
65 - as theeluent, to giv 8.56 g of the=tit!e compound, as an amorphous solid. - ----- 

Infrared Absorption Spectrum (KBr), cnrr 1 : 

1701. 1655, 1609, 1523, 1513, 1426. 1405. 1345, 1251, 1168. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 5 ppm: 
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0.97 - 1.43 (3H, multiplet); 
1.47 (9H, singlet); 

1.46- 1.89 (3H, multiplet); 

2.47- 2.50 (1H, multiplet); 
5 2.71 - 3.67 (4H ( multiplet); 

3.73 (2H. singlet); 

3.79 & 3.80 (together 3H, two singlets); 
3.76 - 4.82 (5H, multiplet); 
5.02 - 5.29 (2H, multiplet); 
10 6.85 (2H. doublet. J = 8.79 Hz); 

7.23 (2H, doublet, J = 8.79 Hz); 

7.41 & 7.46 (together 2H, two doublets, J = 8.79 Hz); 

8.17 & 8.23 (together 2H, two doublets, J = 8.79 Hz). 

15 

7(H) (2S,4S)-4-(4-Methoxybenzylthio)-2-(2-methylpiper^ 
lidine 

31 .6 ml of a 4N solution of hydrogen chloride in ethyl acetate were added dropwise to a solution of 9.55 g 
20 of (2^4S)-4-(4-methoxybenzylthio)-2-(4-t-butoxycarbony 

loxycarbonyi)pyrrolidine [prepared as described in step (0 above] In 31.6 ml of ethyl acetate, and the resulting 
mixture was stirred at the same temperature for 90 minutes. At the end of this time, the reaction mixture was 
diluted with ethyl acetate, after which it was neutralised by adding an aqueous solution of sodium hydrogen- 
carbonate. The ethyl acetate layer was separated, washed with an aqueous solution of sodium chloride and 
25 dried over anhydrous magnesium sulphate. The solvent was then removed by distOlatton under reduced pres- 
sure, and the resulting residue was purified by column chromatography through silica gel using a gradient elu- 
tion method, with mixtures of ethyl acetate and methanol ranging from a 4 : 1 to 7 : 3 by volume as the eluent, 
to give 7.0 g of the title compound, as an amorphous solid. 
Infrared Absorption Spectrum (KBr), cnrr 1 : 
30 1709, 1648, 1513, 1432, 1404, 1345, 1249. 

Nuclear Magnetic Resonance Spectrum (CDCf 3f 270 MHz), 5 ppm: 
1.10- 1.46 (3H, multiplet); ' 
1.70-1.87 (1H, multiplet); 
2.18- 3.15 (8H, multiplet); 
35 3.30 - 3.58 (2H, multiplet); 

3.73 (2H, singlet); 

3.79 & 3.80 (together 3H, two singlets); 
3.67 - 4.64 (3H, multiplet); . 
4.97 - 5.34 (2H, multiplet); 
40 6.85 (2H, doublet J - 8.30 Hz); 

7.23 (2H, doublet, J = 8.30 Hz); 

7.42 & 7.47 (together 2H, two doublets, J = 8.30 Hz); 

8.18 & 8.23 (together 2H, two doublets, J = 8.30 Hz). 

45 7(iii) (2S,4S)-4-(4-Methoxybenzylthio)-2-[2-methyl-4-(4- nitrobenzyloxycarbonyl)piperazin-1 -ylcarbonyf]- 1 -(4- 
nitrobenzyloxycarbonyQpyrrolidine 

0.51 g of 4-dimethylaminopyridine was added dropwise at room temperature to a solution of 1.83 g of 
(2S,4S)^(4-methoxybenzylthio)-2-(2-m 

so [prepared as described in step (ii) above] in 25 ml of dry acetonitrile, and then a solution of 0.90 g of 4-nitro- 
benzyt chloroformate in 1 5 ml of dry acetonitrile was added dropwise to the resulting mixture, whilst ice-cooling. 
The reaction mixture was stirred at room temperature for 30 minutes, after which it was concentrated by evap- 
oration underreduced pressure, and the residu was dOuted with ethyl acetate. The diluted solution was washed 
with water and with an aqueous solution of sodium chloride, in that order, after which It was dried over anhydrous 

55 -magnesium sulphate. The solv nt waa removed by distillation under reduced pressure, and the resulting resi- 
du was purified by column chromatography through silica gel, using a 7 : 3 by volume mixture of ethyl acetate 
and cyclohexane as the eluent, to give 2.28 g of th title compound, as an amorphous solid. 
Infrared Absorption Spectrum (KBr), crrr 1 : 
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1708, 1656. 1608, 1521, 1433. 1346, 1252. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 6 ppm: 
1.02- 1.36 (3H, multiplet); 
1.59-1.80 (3H, multiplet); 
2.30-2.58 (1H. multiplet); 

2.61 - 3.59 (5H, multiplet); 
3.73 (2H, singlet); 

3.78 & 3.79 (together 3H, two singlets); 

3.62 - 4.92 (4H, multiplet); 
4.97 - 5.30 (4H, multiplet); 
6.85 (2H, doublet, J = 8.79 Hz); 
7.23 (2H, doublet, J = 8.79 Hz); 
7.41 - 7.52 (4H, multiplet); 

8.17 & 8.23 (together 4H,-two doublets, J = 8.79 Hz). 

7(iv) (2S,4S)-4-Meirapto-2-gwnethyl^(4-nitrobenzy^ 
loxycarbo nyt) pyrrol Idlne 

23 ml of trifluoroacetic acid, followed by 0.57 ml of trifluoromethanesulphonic acid, were added dropwise 
to a solution of 2.26 g of (2S,4S)-4-(4-methoxybenzylthio)-2-[2-mett 

1-ylcart>ony1>1-(4-nitrobenzyloxycarbonyl)pyrrolidine [prepared as described in step (Hi) above] in 3.48 ml of 
anisde, and the resulting mixture was worked up and purified by the same procedure as described in Prepa- 
ration 4(ii), to give 1.88 g of the title compound, as an amorphous solid. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1707, 1654, 1607, 1521, 1433, 1346. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 6 ppm: 

1.05-1.40 (3H, multiplet); 

1.59 (1H, singlet); 

1.85 - 2.00 (2H, multiplet); 

2.71 - 3.73 (6H, multiplet); 

3.78 - 5.08 (5H, multiplet); 

5.15 - 5.31 (4H, multiplet); 

7.40 - 7.52 (4H, multiplet); 

8.17-8.25 (4H, multiplet). 

PREPARATION 8 

(2S,4S)^Mercapto-2-I3-iTOthyl-4-(4-nitroben 
bony!) pyrrolidine 

7(Q (2S,4S)^4-Methoxybenzy1thio)-2-[3-m 
nitrobenzyloxycart)onyi)pyrrolidine 

Following a procedure simOar to that described in Preparation 1(i), but using 3.06 g of (2S,4S)-4-(4-me- 
thoxybenzylthio)-1-(4-nitrobenzyloxycaroonyl)-2-pyrrolidinecarboxylic acid, 1 .34 g of N,N'-carbonyldiimida- 
zole and 2.30 g of 2-methyl-1-(4-nitrobenzyloxycarbonyl)piperazine, 4.07 g of the title compound were ob- 
tained. 

8(H) (2S,4S)^Merapto-2-[3-methy1^4-nitro 
loxycarbonyQpyrrolldine 

20 ml of trifluoroacetic acid and subsequently 0.50 ml of trifluoromethanesulphonic acid were added drop- 
wise, whflst Ice-cooling, to a solution of 2.0 g of (2S,4S)-4-(4-methoxybenzylthio)-2^3-methyl-4-(4-nitrobenzy- 
I xycarbonyl)piperazin-1 -y1carbonyl}-1-(4-nitrobenzyl xycarbonyl)pyrrolidin [prepared as described in step 
(I) above] in 3*08 ml of anisole, and tho/esulting mixture was stirred at the same temperature for 50 minutes. 
At th end of this time, the reaction mixture was worked up by the same procedure as described In Preparation 
4(0), to give 1 .56 g of th title compound as an amorphous solid. 
Infrared Absorption Spectrum (KBr), cnr 1 : 
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1705, 1657, 1607, 1521, 1429, 1405, 1346. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), S ppm: 
1.16 - 1.36 (3H, multiplet); 
1.63 - 2.40 (3H, multiplet); 
2.66 - 3.66 (6H, multiplet); 
3.71 - 4.78 (5H, multiplet); 
5.06 - 5.30 (4H, multiplet); 
7.39 - 7.53 (4H, multiplet); 
8.17-8.25 (4H f multiplet). 



PREPARATION 9 



(2S,4S)-4-Mercapto-2-[(2S)-2-methyl-4-(4-nitrobenzyloxy carbonyl)piperazin-1-ylcarbonyl1-1-(4-nitrobenzy- 
loxycarbonyt)pyrrolfdine 

Following a procedure similar to that described in Preparation 7, but using 1 3.2 g of (2S,4S)-4-{4-methox- 
ybenzytthio)-1-(4-nitrobenzyloxycarbonyl>-2-pyrrolidinecarboxy1ic acid, 4.0 ml of pivaioyl chloride, 4.5 ml of 
triethytamine and 6.5 g of (3S)-1-t-butoxycarbonyl-3-methylpiperazine, 1 .9 g of the title compound was obtained 
as an amorphous solid. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1706, 1653, 1607, 1521, 1434, 1406, 1346. 
Nuclear Magnetic Resonance Spectrum (CDC* 3 , 270 MHz), 5 ppm: 

1.19-1.30 (3H, multiplet); 

1.62 (1H, singlet); 

1.85 - 2.04 (2H, multiplet); 

2.68 - 3.59 (6H, multiplet); 

3.78 - 4.77 (5H, multiplet); 

5.08 - 5.31 (4H, multiplet); 

7.42 - 7.52 (4H, multiplet); 

8.17- 8.25 (4H, multiplet). 



PREPARATION 10 



(2S t 4S)-4-Mercapto-2-[(2R)-2-methyl-4-(4-nitrobenzy1oxy 
loxycartoonyl)pyrrolidine 

Following a procedure similar to that described in Preparation 7, but using 1 .3 g of (2S,4S)-4-(4-methox- 
ybenzy1thio)-1-(4-nitrobenzylcixyc^^ acid, 0.40 ml of pivaioyl chloride, 0.45 ml of 

triethytamine and 0.65 g of (3R)-1-t-butDxycarbonyl-3-methylpiperazine, 0.17 g of the title compound was ob- 
tained as an amorphous solid: 

Infrared Absorption Spectrum (KBr), car 1 : 
1708, 1655, 1607, 1521, 1432, 1435. 

PREPARATION 11 

(2S,4S)-4-Meirapto-2-r(3S)-3-methyl^N-^ 
zyloxcarbonyQpyrroltdine 

Following a procedure similar to that described in Preparation 8, but using 4.5 g of (2S,4S)-4-(4-methox- 
ybenzytthio)-1-(4-nitrobenzyloxycarDonyl)-2-pyrrolidinecarboxy1ic acid, 1.95 g of N,N'-carbonyldiimidazole 
and 3.34 g of (2S)-2-methyl-1-(4-nitrobenzyloxycarbony1)-piperazine, 4.32 g of the title compound were ob- 
tained as an amorphous solid. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1705, 1657, 1607, 1522, 1429. 1405. 1346. 
Nud ar Magnetic Resonance Spectrum (CDC£ 3 , 270 MHz), 5 ppm: 
1.16- 1.36 (3H,multipl t); 
1.62 (1H, singlet); 
1 .70 - 2.04 (2H, multiplet); 
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2.69 - 2.86 (2H, multiplet); 
2.98 - 4.18 (6H, multiplet); 
4.23 - 4.74 (3H t multiplet); 
5.02 - 5.33 (4H, multiplet); 
7.40 - 7.53 (4H, multiplet); 
8.17 - 8.26 (4H, multiplet). 

PREPARATION 12 

(2S,4S)-4-Merapto-2-[(3R)-3-methyl-4-(4-nitrobe^^ 
loxycartoonyQpyrrolidine 

Following a procedure similar to that described in Preparation 8, but using 0.23 g of (2S^4S)-4-(4-methox- 
ybenzylthio)-1-(4-nitrobenzyloxycarbonyl)-24)yrrolidinecarboxylic acid, 0.10 g of N.N'-carbonyldiimidazole 
and 0.17 g of (2R)-2-methyl-1-(4-nitrobenzyloxycarbonyl)piperazine l 0.21 g of the title compound was obtained 
as an amorphous solid. 

Infrared Absorption Spectrum (KBr), cnr 1 : 
1708, 1652, 1607, 1523, 1427, 1346. 

PREPARATION 13 

(2S,4S)-2-[trans-2,5-Dimethy1-4-(4-nitrobenzyfoxy^ 
benzyloxycarbonyl)pyrrolidine 

Following a procedure similar to that described in Preparation 8, but using 1 .79 g of (2S,4S)-4-(4-methox- 
ybenzyithio)-1-(4-nitrobenzyioxycarbonyi>-2-pyrrolidinecarboxylic add, 0.54 ml of pivaloyl chloride, 0.61 ml of 
triethylamine and 1 .29 g of trans- 2,5-dimethyl-1-(4-nitrobenzyloxycarbonyl)piperazine, 577 mg of the title com- 
pound were obtained as an amorphous solid. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1707, 1653, 1608, 1522, 1425, 1347. 
Nuclear Magnetic Resonance Spectrum (COCf 3t 270 MHz), 5 ppm: 

0.87- 1.39 (6H, multiplet); 

1.61 (1H, singlet); 

1.68-2.04 (1H, multiplet); 

2.60-2.88 (1H, multiplet); 

2.95 - 3.59 (5H, multiplet); 

4.07 - 4.95 (5H, multiplet); 

4.97 - 5.36 (4H, multiplet); 

7.40 - 7.53 (4H, multiplet); 

8.16 -8.25 (4H, multiplet). 



PREPARATION 14 

(2S t 4S)-2-[cis-3,5-Dimethylpipei^in-1-yl( 

Following a procedure similar to that described in Preparation 8, but using 3.3 g of (2S,4S)-4-<4-methox- 
ybenzylthio)-1-(4-nitrobenzyloxyc»rbony1)-2-pyrrolidinecaitoxytic acid, 1.4 g of N.N'-carbonytdiimidazole and 
1.0 g of cis-2,6-dimethytpiperazine, 1.56 g of the title compound was obtained as an amorphous solid. 
Infrared Absorption Spectrum (KBr), Vmn cnr 1 : 

1709, 1651, 1608, 1522, 1439, 1405, 1346. 
Nuclear Magnetic Resonance Spectrum (CDCl St 270 MHz), 5 ppm: 
1.05- 1.29 (6H, multiplet); 
1.85- 1.96 (2H, multiplet); 
2.12Lr 3.72 (9H t multiplet); 
4.04 - 4.1 7 (1 H, multiplet); 
4.40 - 4.74 (2H, multiplet); 
5.03 - 5.36 (2H, multiplet); 
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7.40 - 7.52 (2H, multiplet); 

8.17 - 8.23 (2H, multiplet). 

PREPARATION 15 

(2S.4S)-4-Mercapto-2-[4-[2-(4-nitrobenzyloxycart>o^^^ 
zyloxycarbonyl)pyrroiidine trifluoromethanesulfonate 

Following a procedure similar to that described in Preparation 8, but using 5.0 g of (2S,4S>4-<4-methox- 
ybenzylthio)-H4-nitrobenzy1oxycartK)ny1)-2-pyrrolidinecarb acid, 2.2 g of N,N'-carbonytdiImidazo!e and 
6:81 g of N-[2-(4-nitrobenzyloxycarbonyl)oxyethyl]homopiperazine bis(trif luoroacetate), 6.50 g of the title com- 
pound were obtained. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 8 ppm: 
1 .60 - 1 .83 (1 H ( multiplet); — 

1.94- 2.25 (2H, multiplet); 
2.65- 2.90(1 H, multiplet); 
3.00 - 4.85 (18H, multiplet); 

5.02 - 5.40 (4H, multiplet); 
7.49 - 7.71 (4H, multiplet); 

8.18 - 8.30 (4H, multiplet). 

PREPARATION 16 

(2S,4S)-4-Mercapto-2-(4-carbanrK)ylmethyM-h^ 
lidine 

Following a procedure similar to that described in Preparation 8, but using 5.69 g of (2S,4S)-4-(4-methox- 
ybenzy1thioH-(4-nitrobenzyfoxycart>ony1^ acW - 2.48 9 °f N.N'-carbonyldiimidazole 

and 5.89 g of N-carbamoylmethylhomopiperazine bis(trifluoroacetate), 4.88 g of the title compound were ob- 
tained. 

Infrared Absorption Spectrum (KBr), cm- 1 : 

1707, 1680, 1647, 1520, 1432, 1404, 1344. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 O v 270 MHz), 6 ppm: 

1.75- 2.15 (3H, multiplet); 

2.55 - 2.92 (4H f multiplet); 

2.95- 3.07 (1H, multiplet); 
3.20 - 3.60 (6H, multiplet); 
3.70-3.85 (1H, multiplet); 
3.93-4.18 (2H, multiplet); 
4.60-4.71 (1H. multiplet); 

5.03 - 5.42 (2H. multiplet); 
7.42 - 7.52 (2H, multiplet); 
8.18 - 8.25 (2H, multiplet). 

PREPARATION 17 

(2S,4S)-4-Mercapto-2-I4-(N-4-nitrobenzyloxy 
ycarbonyQpyrrolidine 

17(i) (2S,4S)^(4-Methoxybenzlthk>)-2-(1-piperaginylcart)on hy- 
drochloride 

3.57 g of N^N'-carbonyldHmidazole were added to a solution of 8.93 g of (2S,4S)-4-(4-methoxybenzylthio)- 
1(4-nitrobenzyioxycarbonyt)-2-pyrrolidinecarboxylic acid In 89 ml of dry acetonitrUe, and the resulting mixture 
was stirred at room temperature for 30 minutes? The reaction mixture thus obtained was then added to a s lution 
of 5.17 g of dry piperazine in 178 ml of dry acetonitrile, whilst ice-cooling, and th mixture was stirred for 4 
hours under the same conditions, after which it was concentrated by evaporation under reduced pressure. The 
resulting residue was dissolved in 500 ml of ethyl acetate, and the solution was washed four times, each time 
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with 300 ml of water, and then once with 300 ml f an aqueous solution of sodium chloride. The ethyl acetate 
layer was separated and dried over anhydrous sodium sulphate, after which 6 ml of a 4N soluti n of hydrogen 
chlorid in ethyl acetate were added dropwise to the mixture, whilst stirring, and then 500 ml of diethyl ether 
were added. The powder thus produced was collected by filtration and dried to give 11 .49 g of th title com- 
5 pound. 

The spectral data of this product are completely identical with those of the compound prepared as described 
in Preparation 1(H). 

1 7(ii) (2S.4S)-4-(4-Methoxybenzy1th to)-2-[4-(Ni^nitro benzyl oxycarbonyi) pyrrolidine 

10 

A suspension of 5.0 g of (2^4S>4-{4-methoxy benzyl th to)-2-(1 -pi peraz^ 
carbonyl)pyrrolidine hydrochloride [prepared as described in step (i) above] and 2.35 g of N-{4-nitrobenzylox- 
ycarbonyl)acetamidine in 73 ml of dry acetonitrile was stirred on a water-bath kept at 48°C for 3 hours. At the 
end of this time, the reaction mixture was freed from impurities by filtration, and the filtrate was concentrated 
15 by evaporation under reduced pressure. The resulting residue was purified by column chromatography through 
silica gel, using a 6 : 4 by volume mixture of ethyl acetate and acetonitrile as the eluent, to give 5.41 g of the 
title compound, as a powder. 

The spectral data of this product are completely identical with those of the compound prepared as described 
in Preparation 1(iii). 

20 

17(iii) (2S,4S)-4-Mercapto-2-[4-(N-4-nitrobenzyl^ 
benzyioxycarbonyQpyrrolidine 

25 ml of trif luoroacetic acid and 1 000 \xt of trif luoromethanesulphonic acid were added to a solution of 4.90 
25 g of (2S,4S)-4-(4-methoxybenzyithio)-2-[4-{N^ [prepared as described in 

step (ii) above] in 4.9 ml of anisole, and the resulting mixture was stirred for 1 hour, whilst ice-cooling, after 
which the solvent was removed by distillation under reduced pressure. The resulting residue was washed with 
diethyl ether, to produce a powder. This powder was dissolved in a mixture of ethyl acetate and water, and the 
resulting solution was made alkaline by the addition of an aqueous solution of sodium hydrogencarbonate. The 
30 ethyl acetate layer was separated, washed with water and with an aqueous solution of sodium chloride, in that 
order, and dried over anhydrous sodium sulphate. The solvent was removed by distillation under reduced pres- 
sure, to give 4.0 g of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1709, 1660, 1607, 1570, 1520, 1431, 1346, 1210, 1198, 1162. 
35 Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 8 ppm: 

1.90 (1H, doublet J = 8.8 Hz); 
1.85-2.01 (1H t multiplet); 
2.25 & 2.30 (together 3H, two singlets); 
2.65-2.81 (1H, multiplet); 
40 - 3:21- 3.38 (1H, multiplet); 

3.40 - 4.00 (8H, multiplet); 
4.03 - 4.1 9 (2H, multiplet); 

4.65 & 4.70 (together 1 H, two triplets, J = 7.8 Hz); 
5.02 - 5.35 (4H, multiplet); 
45 7.41 - 7.60 (4H, multiplet); 

8.16 - 8.26 (4H, multiplet). 

PREPARATION 18 

so (2S,4S)-4-meiT»pto-2-[(3S)-3-(4-nitrobenzyioxy 
carbonyQpyrrolkJlne 

18(1) (2S,4S)-4-(4~Methoxybenzylthio)-2HK3S)-3-(4-nito 
(4-n itro be nzyloxycarbonyl) pyrrolidine 

55 . . _ 

A solution of 1 .43 g of (2S,4S>4-(4-methoxy benzyl th to)- 1 -(4-nltrobenzyioxycarbonyl>2-pyrrolidinecai1x)x- 
yiic acid dissolv d in 1 0 ml of dry tetrahydrofuran was cooled to 0°C. 356 mg of triethyiamine, follow d by 405 
mg of pival yl chloride, were added to the cooled solution, and the resulting mixture was stirred at the same 

124 



EP 0 518 558 A1 



temperature for 30 minutes. At th end of this time, a mixture of 1.5 g of (3S)-3-(4-nitrobenzyloxycart> nyf)ami- 
nopyridine trifluoroacetate, 830 mg of diisopropytethylamine and 7 ml of dry acetonrtrile was add d to the sol- 
ution, and then the temperature was allowed to rise. The reaction mixture was stirred at room temperature for 
2.5 hours, after which it was filtered, and the filtrate was freed from the solvent by distillation under reduced 
5 pressure. The resulting residue was diluted with ethyl acetate, and the diluted solution was washed with an 
aqueous solution of sodium hydrogencarbonate and with a saturated aqueous solution of sodium chloride, in 
that order. The solution was dried over anhydrous magnesium sulphate, and then the solvent was removed by 
distillation under reduced pressure, and the residue was purified by column chromatography through silica gel, 
using a 4 : 4 : 1 by volume mixture of ethyl acetate, methylene chloride and acetonitrile as the eluent, to giv 
10 1 .47 g of the title compound, as a powder. 

Infrared Absorption Spectrum (KBr), cnrr 1 : 

1716, 1625, 1609, 1519, 1346, 737. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 5 ppm: 
1.54 - 1.65 (1H. multiplet); — - 
15 1 .72 - 1 .86 (1 H, multiplet); 

2.57-2.69 (1H, multiplet); 
2.99 - 3.1 3 (1 H, multiplet); 
3.72 (3H, doublet, J = 5.37 Hz); 
3.15 - 4.15 (12H, multiplet); 
20 4.36 - 4.58 (1 H, multiplet); 

5.00 - 5.23 (4H, multiplet); 
6.87 (1H, doublet J - 8.3 Hz); 
7.26 (1H, doublet J = 8.79 Hz); 

7.46 - 7.62 (4H, multiplet); 
25 7.70 - 7.80 (1 H, multiplet); 

8.15 - 8.25 (4H, multiplet). 

18(ii) (2S,4S)-4-meirapto-2-{(3S)-3-(4-nitroben^ 
zyioxycarbonyQpyrrol id ine 

30 

1 2 ml of trifluoroacetic acid and 0.38 ml of trif luoromethanesulphonic acid were added to a suspension of 
1.47 g of (2S,4S)-4-(4-methoxybenzyithio)- 2-[(3S)-3-(4-nitrobenzyloxycaroonyl)aminopyrrdidin-1-yl-cartK)- 
nyt]-1-(4-nitrobenzytoxycarbonyl)pyrrolidine [prepared as described in step (i) above] in 2.3 ml of anisole, and 
the resulting mixture was stirred at room temperature for 2 hours. At the end of this time, the solvent was re- 
35 moved by distillation under reduced pressure, and the residue was washed with hexane to remove the anisole, 
and then diethyl ether was added. The mixture was then cooled to -78°C, and the solidified product was broken 
up and separated by decantation. Several repetitions of this procedure yielded a powder and oily materials, 
which were dissolved in 100 ml of ethyl acetate to give a solution. The resulting solution was washed with an 
aqueous solution of sodium hydrogencarbonate, and the aqueous washings were extracted with 30 ml of ethyl 
40 acetate. The washings were combined with the ethyl acetate solution, and the combined organic phase was 
washed with an aqueous solution of sodium chloride and dried over anhydrous magnesium sulphate. The sol- 
vent was then removed by distillation under reduced pressure, to give 1 .26 g of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), v^ cnrr 1 : 
1710, 1522, 1347, 854, 738. 
45 Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 5 ppm: 

1.60-2.20 (2H, multiplet); 
2.62 - 2.75 (1 H, multiplet); 
3.08 -4.13 (11 H, multiplet); 
4.37-4.59 (1H, multiplet); 
50 5.02 - 5.26 (4H, multiplet); 

7.47 - 7.81 (4H, multiplet); 

8.16 - 8.26 (4H, multiplet). 
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PREPARATION 19 

(2S,4S)-4-Mercapto-2-[(3S)-1-(4-nitrobenzyl xycartoonyl)pyrrolidin-3-y1aminocai^ 
carbonyQpyrrolidine 

5 

19(i) (2S,4S)-4-(4-Methoxybenzylthio)-24(3SH-(t-buto 
benzyloxycarbonyl)pyrrolidlne 

3.05 g of N,N'-carbonyidiimidazole were added to a solution of 7.99 g of (2S,4S)-4-(4-methoxybenzyithi )- 
10 i-(4-nitrobenzyloKycajix)nyl)-2-pyrrdkiinecart>oxylic acid in 80 ml of dry acetonitrile, and the resulting mixture 
was stirred at room temperature for 2 hours. At the end of this time, the reaction mixture was cooled to 0°C, 
after which a solution of 3.34 g of (3S)-3- ami no- 1-t-butoxycarbony I pyrrolidine in 30 ml of dry acetonitrile was 
added, and the mixture was stirred at the same temperature for 20 minutes; it was then stirred at room tem- 
perature for a further 1.4 hours and at 32°Cior 45 minutes. The reaction mixture was then concentrated by 
15 evaporation under reduced pressure, and the concentrate was diluted with 200 ml of ethyl acetate. The resulting 
ethyl acetate solution was washed twice with water and then once with a saturated aqueous solution of sodium 
chloride. The solution was then dried over anhydrous magnesium sulphate, after which the solvent was re- 
moved by distillation under reduced pressure. The residue was recrystallised from diethyl ether, to give 9.11 g 
of the title compound, as a powder. 

20 

19(ii) (2S,4S)^(4-Methoxybenzylthio>2-[(3S)-pyrrolidin-3-ylam 
nyQpyrroiidine hydrochloride 

A mixture of 1.00 g of (2S,4S)-4-(4-methoxybenzylthio)-2-[(3^1-(t-b^ 

25 carbony!}-1-(4-nitrobenzyloxycarbonyl)pyrrolidine [prepared as described in step (i) above] and 10 ml of ethyl 
acetate was heated to form a solution. 2.5 ml of a 4N solution of hydrogen chloride in ethyl acetate were then 
added to this solution, and the resulting mixture was heated under reflux for 30 minutes. At the end of this tim , 
the solvent was removed by distillation under reduced pressure, and then, in order to remove the acid, ethyl 
acetate was added to the residue and the solvent was again removed by distillation under reduced pressure. 

30 The residue was triturated with diethyl ether and washed by decantation to give 630 mg of the title compound, 
as a powder. 

19(iii) (2S,4S)-4-(4-Methoxybenzylmio)-2-[(3S 
(4-nitrobenzyioxycarbony1)pyrroiidine 

35 

230 mg of diiso propyl ethyl amine were added to a suspension of 1 .0 g of (2S,4S)-4-(4-methoxybenzyithio)2- 
[(3S)-pyrrolidin-3-y1aminocarix>nyI>^ hydrochloride [prepared as de- 

scribed in step (ii) above] and 240 mg of 4-dimethylaminopyridine in 10 ml of dry acetonitrile, and the resulting 
mixture was cooled to 0°C. A solution of 430 mg of 4-nitrobenzyl chloroformate in 4 ml of dry acetonitrile was 

40 then added to the mixture. The mixture was then stirred at room temperature for 3 hours, after which a solution 
of 117 mg of 4-nitrobenzyl chloroformate in 2 ml of dry acetonitrile was added and the mixture was stirred at 
the same temperature for 1 hour. At the end of this time, the reaction mixture was freed from the solvent by 
distillation under reduced pressure, and the residue was d fluted with 50 ml of methylene chloride. The diluted 
solution was washed with a saturated aqueous solution of sodium chloride. The aqueous washings were ex- 

45 tracted with methylene chloride. The organic extract and the methylene chloride solution were combined and 
dried over anhydrous magnesium sulphate, and then the solvent was removed by distillation under reduced 
pressure. The resulting residue was purified by column chromatography through silica gel, using a 4 : 1 by v I- 
ume mixture of methylene chloride and acetonitrile as the etuent, to give 862 mg of the title compound as a 
powder. 

so Infrared Absorption Spectrum (KBr), cnrr 1 : 

1709, 1521, 1345, 1109, 854, 738. 
Nuclear Magnetic Resonance Spectrum (CDC? 3 , 270 MHz), 6 ppm: 

1.80 - 1.98 (HH, multiplet); 

2.05 - 2.25 (1H, multiplet); 
55 . 2.3a- 2.50 (1H, multiplet); ^, _ 

3.10 - 3.20 (1H, multiplet); 

3.40 - 3.55 (2H V multipt t); 

3.79 (3H, singlet); 
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3.20 - 3.90 (8H, multipl t); 
4.20 - 4.30 (1 H, multiplet); 
4.42-4.48 (1H, multiplet); 
5.13 - 5.26 (4H, multiplet); 
6.82 - 6.87 (2H, multiplet); 
7.19 - 7.26 (2H, multiplet); 
7.45 - 7.53 (4H, multiplet); 
8.19 - 8.24 (4H, multiplet). 

19(iv) (2S,4S)-4-Mercapto-2-[(3SV1-(4-nforobenzyloxy 
zytoxycarbonyQpyrrolidine 

6.5 ml of trifluoroacetic acid and 0.21 ml of trifluoromethanesulphonic acid were added to a suspension of 
835 mg of (2^4S)-4^(4-methoxybenzylthio)-2-[(3SH^ 

ny1}-1-(4-nitrobenzy1oxycart)onyi)pyrrolkline [prepared as described In step (Hi) above] in 1.3 ml of anisol , 
whilst ice-cooling, and the resulting mixture was stirred at room temperature for 1 hour. At the end of this tim , 
the solvent was removed by distillation under reduced pressure, and the resulting residue was first washed 
with hexane to remove the anisole and then mixed with diethyl ether. The mixture was cooled to -78°C V and 
the solidified product was broken up and separated by decantation. Several repetitions of this procedure yield d 
940 mg of the title compound as a powder. 

Infrared Absorption Spectrum (KBr), cm* 1 : 

1702, 1523, 1347, 856, 739. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 0, 270 MHz), 6 ppm: 

1.55-2.15(2H ( multiplet); 

2.55-2.65 (1H, multiplet); 

3.05 - 3.61 (7H, multiplet); 
3.87-4.02 (1H, multiplet); 
4.10- 4.26 (2H, multiplet); 

5.06 - 5.20 (4H, multiplet); 
7.55 - 7.65 (4H, multiplet); 
8.18 - 8.25 (4H. multiplet). 

PREPARATION 20 

(2S,4S)-4-Mercapto-2-[(3RH-(4-nitrobenzyloxy 
carbonyl)pyrrolidine 

Following a procedure similar to that described in Preparation 19, but using 6.4 g of (2S,4S)-4-(4-methox- 
ybenzy1thio)-1-(4-nitrobenzyloxycartM^ acid, 2.40 g of N,N'-carbonyldiimidazole 

and 2.7 g of (3R)-3-amino-1 -t-butoxycarbonylpyrrolidine, 750 mg of the title compound were obtained as a pow- 
der. 

Infrared Absorption Spectrum (KBr), cnr 1 : 
1705, 1522, 1347, 855, 735. 

PREPARATION 21 

(2S,4S)-4-Meirapto-2-[(3S)-3-dimethyiaminopyrroli^^ 
dine trifluoromethanesulfonate 

21(1) (2S,4S)-4-(4-Methoxybenzylthioy24(3S)-3-di 
carbonyl)pyrrol id ine 

A soluti n of 924 mg of (2S,4S)-4-(4-methoxybenzylthl )-1-(4-nitrobenzytoxycarbonyl>-2-pyrrolidinecar- 
boxyiicacidin 10mlof tetrahydrofuran was cooled to -20°C, and 209 mg of triethylarnine were added, follow d 
by 250 mg of pival yl chloride. The resulting mixture was stirred at the same temperature for 5 minutes, and 
then a mixture of 651 mg of (3S)-3-dimethylaminopyrrolidine trifluoroacetate, 560 ml of diisopropytethylamine 
and 7 ml of dry acetonttrile was added to the mixture. The temperature of the reaction mixture was allowed to 
rise gradually, and the mixture was stirred at 0°C for 1 hour. The solvent was then removed by distillation under 
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reduced pressure. The resulting residue was dOuted with ethyl acetate and the solution was washed with an 
aqueous solution of sodium hydrogencarbonate and with a saturated aqueous solution of sodium chloride, in 
that order. The organic solution was dried v r anhydrous magnesium sulphate, and the solv nt was removed 
by distillation under reduced pressure. The residue was purified by column chromatography through silica gel, 
5 using a 3 : 1 by volume mixture of acetonitrile and methanol as the eluent to give 884 mg of the titie compound, 
as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 
1710, 1654, 1512, 1345, 1109, 857, 738. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 5 ppm: 
10 1.49 - 3.31 (1 5H, multiplet); 

3.35 - 3.57 (2H, multiplet); 
3.71 - 4.00 (6H, multiplet); 
4.44 - 4.56 (1H, multiplet); 
5.00 - 5.21 (2H, multiplet); — 
is 6.88 (2H, doublet, J = 8.79 Hz); 

7.27 (2H, doublet J = 8.31 Hz); 
7.51 - 7.61 (2H, multiplet); 
8.19- 8.26 (2H, multiplet). 

20 21 (ii) (2S,4S)-4-Meirapto-2-((3S)-3-dimethy1aminopyrr^ 
rolidine trif luoromethanesulfbnate 

8.5 ml of trif luoroacetic acid and 0.28 ml of trif luoromethanesulphonic acid were added, whilst ice-cooling, 
to a suspension of 845 mg of (2S,4S)^-(4-methoxy benzyl thk>)-2-[(3^ 
25 nyt-1-(4-nttrobenzyfoxycarbonyl)pyrrolidine [prepared as described in step (i) above] in 1.7 ml of anisole, and 
the resulting mixture was stirred at room temperature for 1 hour. At the end of this time, the solvent was removed 
by distillation under reduced pressure, and the resulting residue was first washed with hexane to remove the 
anisole and then mixed with diethyl ether. The mixture was cooled to -78°C, and the solidified product was brok- 
en up and separated by decantation. Several repetitions of this procedure yielded 1.14 g of the titie compound 
30 as a powder. 

Infrared Absorption Spectrum (KBr), Vmax crrr 1 : 

1705, 1656, 1523, 1348, 857. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 O t 270 MHz), 6 ppm: 
1.70- 4.10 (18H, multiplet); 
35 4.47 - 4.66 (1 H, multiplet); 

5.04 - 5.27 (2H, multiplet); 
7.51 - 7.65 (2H, multiplet). 

PREPARATION 22 

40 

(2S,4S)-4-Mercapto-2^(3S)-3-[N-methyl-N-(4-nitrobenzyloxycarbonyl)am 
trobenzyloxycarbonyl)pyr rolidine 

Following a procedure similar to that described in Preparation 18, but using 1.21 gof (2S,4S)-4-(4-methox- 
45 ybenzyithio)-1 -(4-nitrobenzyloxycart>onyf)-2-pyrrolidinecarboxylic acid, 343 mg of pivaloyl chloride and 1 .27 g 
of (3S)-3-[N-methyl-N-(4-nitrobenzyloxycartM^ trifluoroacetate, 1 .21 g of the title com- 

pound were obtained as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 
1709, 1651, 1522, 1346, 856, 737. 
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PREPARATION 23 

(2S,4S)^Mercapto-2-[(3S)-3-(N-4-nitrobenzyioxy- caitonylacetimidoylamino)pyrrolidin-1-ylcart)onyl}-1-(4- 
nitrobenzytoxycarbonyQ pyrrolidine 

5 

23(i) (2S,4S)-4-(4-Methoxybenzylthio)-2-I(3S)-3-aminopyrroH^ 
ny1)pyrrolidine 

2.92 g of N.N'-carbonyldiimidazole were added to a solution of 6.70 g of (2S,4S)-4-(4-methoxybenzy1thio)- 
10 l-(4-nitrobenzy1oxycarbonyl)-2-pyrrolidinecartx>xylic acid in 50 ml of dry acetonitrfle, and the resulting mixture 
was stirred at room temperature for 1 hour. A solution of 1 .55 g of (3S)-3-aminopyrrolidine in 1 0 ml of dry acet- 
onitrile was then added to the mixture, whilst ice-cooling, and the mixture was stirred at room temperature for 
1 hour. At the end of this time, the reaction mixture was freed from the solvent by distillation under reduced 
pressure, and the residue was diluted with ethyl acetate. The diluted solution was washed with water and with 
15 an aqueous solution of sodium chloride, in that order, after which it was dried over anhydrous magnesium sul- 
phate. The solvent was then removed by distillation under reduced pressure, and the resulting residue was puri- 
fied by column chromatography through silica gel, using a 1 : 1 by volume mixture of ethyl acetate and methanol 
as the eluent, to give 4.10 g of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), Vm« cm- 1 : 
20 1708, 1651, 1609, 1512, 1440, 1404, 1346, 1248, 1174. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 5 ppm: 
1.40-2.04 (3H, multiplet); 
2.57-2.77 (1H. multiplet); 
2.90 - 3.93 (10H, multiplet); 
25 3.72 & 3.74 (together 3H, two singlets); 

3.78 (2H, singlet); 
4.33-4.58 (1H, multiplet); 
4.99 - 5.26 (2H, multiplet); 
6.88 (2H, doublet J = 8.79 Hz); 
30 7.27 (2H, doublet, J = 8.79 Hz); 

7.48 - 7.67 (2H, multiplet); 
8.14 - 8.29 (2H, multiplet). 

23(ii) (2S.4S)-4-(4-Methoxybenzylthto)-2-[(3S)-3^ 
35 nyQpyrrolidine hydrochloride 

4.37 ml of a 4N solution of hydrogen chloride in ethyl acetate were added, whilst ice-cooling, to a solution 
of 3.00 g of (2S,4S)-4-(4-methoxybenzytthlo)-2-K^^ 

bonyl) pyrrolidine [prepared as described in step (i) above] in 30 ml of ethyl acetate, and the resulting mixture 
40 was stirred at the same temperature for 30 minutes. At the end of this time, it was diluted with ethyl acetate, 
and the powder which precipitated was collected by filtration and dried, to give 3.20 g of the title compound, 
as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1707, 1656, 1609, 1585. 1512, 1440, 1405, 1346, 1249, 1175. 
45 Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 8 ppm: 

1.49-1.78 (1H, multiplet); 

1.88- 2.33 (2H, multiplet); 

2.59 - 2.75 (1H, multiplet); 

2.96- 3.12 (1H, multiplet); 
so 3.12 - 3.97 (7H, multiplet); 

3.72 & 3.74 (together 3H, two singlets); 

3.78 & 3.79 (together 2H, two singlets); 

4.36 - 4.61 (1H, multiplet); 

5.00 - 5.28 (2H, multiplet); 
55 6.88 (2Hrdoublet, J = 8.79 Hz); — - 

7.20 - 7.31 (2H, multiplet); 

7.46 - 7.65 (2H, multiplet); 

8.19 - 8.28 (2H, multiplet); 
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8.30 - 8.60 (3H, multipl t). 

23(iH) (2S,4S)-4-(4-Methoxybeiizylthi )-2-[(3S)-3-(N-4-nitrobenzyl xycarbonylacetimid ylamino)pyrrolidiiv1- 
vlcaftx)nyl>1-(4-nitrobenzyloxycarfaonyl)pyrrolidine 

5 

A suspension of 1.00 g of (2S,4S)^(4-methoxybenzylthio)^ 
nttrobenzyloxycarbonyl)pyrrolidin6 hydrochloride [prepared as described in step (ii) above] and 0.47 g of N-(4- 
nitrobenzyloxycart>onyl)acetamidine in 20 ml of dry acetonitrile was stirred at 53°C for 2 hours. The reaction 
mixture was then freed from impurities by filtration, and the filtrate was concentrated by evaporation under re- 
10 duced pressure. The concentrate was purified by column chromatography through silica gel, using a 45 : 45 : 
5 by volume mixture of methylene chloride, ethyl acetate and methanol as the eluent, to give 0.89 g of the title 
compound, as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1709, 1643, 1619, 1609, 1557, 1521, 1441, 1402, 1346, 1247, 1226, 1199, 1175. 
15 Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 O v 270 MHz), 5 ppm: 

1.49 - 2.25 (3H, multiplet); 

2.09 & 2.10 (together 3H, two singlets); 

2.50 - 2.74 (1H, multiplet); 
3.00 - 3.92 (7H, multiplet); 

20 3.71 & 3.73 (together 3H, two singlets); 

3.77 (2H, singlet); 
4.15 - 4.63 (2H, multiplet); 

5.00 - 5.31 (4H, multiplet); 
6.87 (1H, doublet, J = 8.79 Hz); 

25 6.88 (1H, doublet, J = 8.30 Hz); 

7.25 (1 H, doublet, J = 8.30 Hz); 
7.27 (1H. doublet. J = 8.79 Hz); 
7.43- 7.70 (4H, multiplet); 

8.13 - 8.29 (4H, multiplet). 

30 

23(iv) (2S,4S)-4~Mertgpto-2-[(3S)-3-(N-4-nitrobe 
1-(4-nitrobenzyioxycarbonyl)pyrrolidine 

4.56 ml of trifluoroacetic acid and 208 ui of trifluoromethanesulphonic acid were added, whilst ice-cooling, 
35 to a solution of 0.87 g of (2S,4S)^(4-methoxybenzylthio)-2-[(3S^ 

lamino)pyrrolidirHl-y1carbonyt]-1-(4-nitrobenzyioxycart>onyl)pyrroIidine [prepared as described in step (iii) 
above] in 1 .29 ml of anisole, and the resulting mixture was stirred under the same conditions for 1 .5 hours. At 
the end of this time, the solvent was removed by distillation under reduced pressure, and the resulting residue 
was washed with diethyl ether and dried in vacuo, to give 1 .10 g of the trifluoromethanesulphonate of the title 
40 compound as a powder. The whole of this salt was dissolved in a mixture of ethyl acetate and water and the 
solution was made alkaline by adding a 1N aqueous solution of sodium hydroxide. The ethyl acetate layer was 
separated, washed with water and with an aqueous solution of sodium chloride, in that order, and dried over 
anhydrous magnesium sulphate. The solvent was removed by distillation under reduced pressure, to give 662 
mg of the title compound, as a powder. 
45 Infrared Absorption Spectrum (KE}r), car 1 : 

1708, 1650, 1607, 1553, 1520, 1440, 1404, 1346, 1217, 1170. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 0, 270 MHz), 8 ppm: 
1.59 - 2.28 (2H, multiplet); 

2.10 & 2.11 (together 3H, two singlets); 
50 2.60 - 2.83 (1 H, multiplet); 

3.08 - 4.64 (10H, multiplet); 

5.01 - 5.42 (4H, multiplet); 
7.45 - 7.73 (4H. multiplet); 

8.14 - 8.31 (4H, multiplet). 

55 ...... _ _ 
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PREPARATION 24 

(2S,4S)-4-Meroapto-2-[(3S)-3-(N-4-nitrobenzy1oxycai^ )pyrroiidin-1-ylcart)onylH-(4- 
nitrobenzytoxycarbonyt)pyrrolidine 

Following a procedure simOar to that described in Preparations 23(iii) and 23(iv), but using 1 .00 g of (2S,4S)- 
4-(4^ethoxybenzyithio)-2-[(3^3-aminopyrrolidin-^^ hy- 
drochloride [prepared as described in Preparation 23(H)] and 410 mg of N-(4-nitrobenzyloxycarbony1)fonm ami- 
dine, 670 mg of the title compound were obtained as a powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1707, 1645, 1604, 1520, 1441. 1404, 1346, 1188, 1111. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 + D 2 O f 270 MHz), 5 ppm: 

1.71-2.32 (3H, multiplet); 

2.60 - 2.84 (1 H, multiplet); 

3.19- 4.18 (8H, multiplet); 

4.36 - 4.57 (1 H ( multiplet); 

4.93 - 5.40 (4H, multiplet); 

7.40 - 7.61 (4H, multiplet); 

8.12 - 8.30 (4H, multiplet); 

8.42 (1H, singlet). 

PREPARATION 25 

(2S,4S)-4-Meixapto-2-H3S)-1-(N-4-nitrobenzyloxycarbonyiformimido 
nitrobenzyloxycarbonyQpyrroHdine 

Following a procedure similar to that described in Preparations 23(iii)and 23(iv), but using 1.20gof (2S.4S)- 
4-(4-methoxybenzylthio)-1-(4-nitrobenzy1oxycait>onyl)-2-[(3S)-pyr hy- 
drochloride and 490 mg of N-(4-nitrobenzyloxycarbonylformamidine i 750 mg of the title compound were ob- 
tained as a powder. 

Infrared Absorption Spectrum (KBr), cirr 1 : 

1721, 1678, 1664, 1602, 1520, 1449, 1439, 1403, 1346, 1234, 1222. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 + D 2 O t 270 MHz), 6 ppm: 
1.87- 2.83 (4H, multiplet); 
3.24 - 4.08 (7H, multiplet); 
4.20 - 4.63 (2H. multiplet); 

5.14 - 5.38 (4H, multiplet); 
7.45 - 7.60 (4H, multiplet); 

8.15 - 8.29 (4H, multiplet); 
8.6041H, singlet). 

PREPARATION 26 

(2S,4S)-4-Mercapto-2-[(3S)-1-(hM~nitrobenzylo 
trobenzyloxycarbonyl)pyrroiidine 

Following a procedure similar to that described in Preparations 23(iii) and 23(iv), but using 1 .08 g of (2S,4S>- 
4~(4-methoxybenzyf thio)-1 -(4-nitrobenzylQxycarbonyl)-2-[(3S)-pyr^ hy- 
drochloride and 440 mg of N-(4-nitrobenzyloxycarbonyl)acetamidine, 608 mg of the title compound were ob- 
tained as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 
1701,1655, 1609,1555. 
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PREPARATION 27 

(2S,4S)^Mercapto-2-[(3RV1-(N-4-nitrobenzyloxy, carbonylformimidoyOpyrrolkJin-3-ylamm 
nitrobenzyl xycarb nyl)pyrrolidlne 

Foilowinga procedure simflar to that described in Preparations 23(iii) and 23(iv). but using 1.38 g of (2S.4S)- 
4-(4nmethoxybenzylthioHK4-nitrobenzyloxyc^^ hy- 
drochloride and 564 mg of f^(4-nitrobenzyloxycarbonyl)formamidine t 795 mg of the title compound were ob- 
tained as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1710, 1650, 1587, 1518, 1442, 1346, 1170. 

PREPARATION 28 

(2S,4S)-4-Mercapto-2-{N-methyl-N^ 
trobenzyloxycartoonyl) pyrrolidine 

Following a procedure simQar to that described in Preparation 1 9, but using 8.0 g of (2S,4S)-4-<4-methox- 
ybenzylthk))-H4-nitrobenzyloxycartK)nyl)-2-pyrrolidine(art)oxylic acid, 3.05 g of N.N'-carbonyldiimidazole 
and 3.37 g of (3S)-3-methylamino-1-t-butoxycarbonylpyrrolidine ( 504 mg of the title compound were obtained 
as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 
1704, 1522, 1346, 854, 736. 

PREPARATION 29 

(2S,4S)-4-Mercapto-2-{N-methyl-N-[(3S)-1-(N-4-nitrobenzyioxycarbonytf 
moyl}-1-(4-nitrobenzy1oxycart>onyl)pyrrolidine 

Following a procedure similar to that described in Preparations 23(iii) and 23(iv), but using 1 .00 g of (2S.4S)- 
4-(4-methoxybenzylthioM-(4-nitrobenz^^ 

dine hydrochloride and 405 mg of N-(4-nitrobenzyloxycarbonyl)formamidine, 620 mg of the title compound were 
obtained as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 
1707, 1648, 1514, 1404. 1347, 1173. 

PREPARATION 30 

(2S,4S>-2-(3-Carbamoyl-4-(4-nitrobenzyloxyra^ 
ycarbonyQpyrrolidfne — - 

Following a procedure simflar to that described in Preparation 8, but using 2.18 g of (2S,4S>4-(4-methox- 
ybenzylthio)-1-{4-nitrobenzyloxycarbonyl)-2-pyrrolidinecaitoxylk: acid, 0.79 g of N.N'-carbonyldiimidazol 
and 1 .81 g of 2-carbamoyl-1-(4-nitrobenryloxycarbonyl>-piperazine, 2.1 3 g of the title compound were obtained 
as an amorphous solid. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1706, 1607, 1521, 1432, 1405, 1346. 
Nuclear Magnetic Resonance Spectrum (CDC* 3l 270 MHz), 5 ppm: 
1.71 -2.04 (3H, multiplet); 
2.42 - 3.46 (5H, multiplet); 
3.90 - 4.93 (6H, multiplet); 
5.02 - 5.36 (4H, multiplet); 
5.45 - 6.77 (2H, multiplet); 
7.42 - 7.54 (4H, multiplet); 
6.14- 826 (4Hr multiple^. 
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PREPARATION 31 

(2S,4S)^Mercaptc>-244-(2-fluora xycarbonyQpyrroli- 
dine trifluoromethanesulfonate 

Following a procedure similar to that described in Preparation 8, but using 3.5 g of (2S,4S)-4-<4-methox- 
ybenzyithio)-1-(4-nitrobenzytoxycart>onv^^ acid, 1.53 g of N v N'-carbonytdiimidazole 

and 5.63 g of N-{2-fluoroethyl)homopiperazine bis(trifluoroacetate), 4.0 g of the title compound were obtained 
as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1784, 1698, 1662, 1524, 1441, 1348, 1286, 1225, 1170, 1030. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 . 270 MHz), 5 ppm: 

1.62-1.83 (1H, multiplet); 

1 .96 * 2.2fr(2H, multiplet); 

2.65 - 2.90 (1H, multiplet); 

2.95 - 4.20 (14H, multiplet); 

4.60 - 4.95 (2H, multiplet); 

5.00 - 5.30 (2H, multiplet); 

7.50 - 7.70 (2H, multiplet); 

8.19- 8.26 (2H, multiplet). 

PREPARATION 32 

(2S,4S>^Mercapto-2-[(3S)-3-(imidazoM-^ 
dine 

32(i) (2S,4S)^(4-Methoxybenzylthio)-2^(3S)-^ 
carbonyQpyrrolidine 

1 .09 g of N,N'-carbonyldiimidazole were added to a solution of 2.5 g of (2S,4S)-4-(4-methoxybenzylthio)- 
1-(4-nitrobenzyloxycartx>nyl)-2-pyrrolklinecarboxylic acid in 25 ml of dry acetonitrile, and the resulting mixture 
stirred at room temperature for 30 minutes. A solution of 850 mg of (3S)-3-(imidazoM-yl) pyrrolidine in 5 ml of 
dry acetonitrile was then added, and the mixture was stirred at room temperature for 2 hours and then at 40°C 
for a further 4 hours. At the end of this time, the reaction mixture was concentrated by evaporation under re- 
duced pressure, and the resulting residue was purified by reverse phase column chromatography through 200 
ml of Cosmo Sit 75C 18 -PREP (a trade mark for a product of Nacalai Tesque), using a gradient elution method, 
with mixtures of acetonitrile and water ranging from 50 : 50 to 55 : 45 by volume as the eluent Those fractions 
containing the title compound were combined and concentrated by evaporation under reduced pressure, to give 
2.54 g of the title compound, as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1708, 1656, 1609, 1512, 1438, 1404, 1345. 1246, 1173, 1110. 
Nuclear Magnetic Resonance Spectrum (CDC* 3 . 270 MHz), 8 ppm: 

1 .88 - 2.05 (1 H, multiplet); 

2.15-2.31 (1H, multiplet); 

2.36 - 2.57 (2H, multiplet); 

3.02- 3.18 (1H, multiplet); 

3.31 -3.40 (1H, multiplet); 

3.49 - 3.63 (1 H, multiplet); 

3.73 & 3.74 (together 2H, two singlets); 

3.78 & 3.79 (together 3H, two singlets); 

3.80 - 4.08 (3H, multiplet); 

4.26 - 4.48 (2H, multiplet); 

4.71 - 4.89 (1 H, multiplet); 

5.00 - 5.34 (2H, multiplet); 

6.76 -7.60 (9H, multiplet); - 

8.15 - 8.27 (2H, multiplet). 
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32(ii) (2S,4SH-Mercapto-2-[(3S)-3-(tmidazoM -yi)- pyrrol idin-1-ytcarbonyfH -<4-nitrobenzyloxycarbonyl)pyr- 
rolidine 

585 lit f trifluoromethanesulphonic acid were added, whilst ice-cooling, to a solution of 2.5 g of (2S,4S)- 
4-(4^ethoxybenzylthio)-2^(3S>3-(imidazoM^ 

lidine [prepared as described in step (i) above] in a mixture of 5 ml of anisoie and 15 ml of trifiuoroacetic acid, 
and the resulting mixture was stirred at room temperature for 1 hour and then at 35°C for a further 30 minutes. 
At the end of this time, the mixture was concentrated by evaporation under reduced pressure, and the resulting 
residue was washed four times with diethyl ether, to give a colourless powder. This powder was suspended in 
ethyl acetate, and the suspension was made alkaline by the addition of an aqueous solution of sodium hydro- 
gencarbonate. The ethyl acetate layer was separated and washed with an aqueous solution of sodium-chloride, 
after which it was dried over anhydrous sodium sulphate. The solvent was then removed by distillation und r 
reduced pressure, to give 1.9 g of the title compound, as a colourless powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1706, 1655, 1521, 1440, 1405, 1346. 
Nuclear Magnetic Resonance Spectrum (CDC* 3 + D 2 O t 270 MHz), 5 ppm: 

1.90 - 2.09 (1H, multiplet); 

2.15-2.37 (1H, multiplet); 

2.42 - 2.83 (2H, multiplet); 

3.20 - 3.35 (1H, multiplet); 

3.41 - 4.93 (8H, multiplet); 

5.02 - 5.37 (2H, multiplet); 

6.79 - 8.26 (7H. multiplet). 



PREPARATION 33 

(2S,4S)-4-Mercapto-2-[(3S)-3-(1,2 t 4-triazoH-^ 

33(i) (2S,4S)^(4-Methoxybenzylthio)-2-[(3S 
loxycarbonyQpyrrolidine 

Following a procedure similar to that described in Preparation 18(a), but using 768 mg of (2S,4S)-4-(4-me- 
thoxybenzylthio)-1-(4-nitrobenzyloxycarton>i)-2-pyrrolidine<^rboxyiic aicd, 218 mg of pivaloyt chloride and 
238 mg of (3S)-3-(1,2,4-triazol-1-yi)pyrroiidine trifluoroacetate, 803 mg of the title compound were obtained 
as a powder. 

Infrared Absorption Spectrum (KBr), v^ cnr 1 : 

1709, 1656, 1521, 1346, 857, 738. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 6 ppm: 

1.40 - 1.T0 (1H multiplet); 

2.18 - 2.75 (2H, multiplet); 

3.00- 3.15 (1H, multiplet); 

3.15 - 4.10 (13H, multiplet); 

5.00 - 5.24 (3H, multiplet); 

6.85 - 6.90 (2H, multiplet); 

7.24 - 7.29 (2H, multiplet); 

7.45 - 7.61 (2H, multiplet); 

8.14- 8.25 (2H, multiplet); 

8.50 - 8.62 (1H, multiplet). 

33(ii) (2S,4S)^Mercapto-2-I(3S)-3-(1,2.4-triazd-1-yl)pyrrolidin-1-y1-1-(4-nitro 

Foil wing a procedure similar to that described in Preparation 18(b), but using the whole of the (2S.4S)- 
4~(4-methoxybenzylthio)-2^(3^3-(1 P 2,4^^ 

rolidine [prepared as described in step (i) above], 803 mg-etthe title compound were obtained as a powder. 
Infrared Absorption Spectrum (KBr), v^ cnr 1 : 

1706, 1652. 1522. 1346, 857, 739. 
Nucl ar Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 6 ppmr 
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1.56-1.78 (1H, multiplet); 
2.20 - 2.55 (2H, multiplet); 
2.61-2.82 (1H, multiplet); 
3.09 - 4.09 (9H, multiplet); 
5 4.41 - 4.64 (1 H, multiplet); 

5.01 - 5.26 (3H, multiplet); 
7.47 - 7.65 (2H, multiplet); 
8.14 - 8.26 (2H, multiplet); 
8.51-8.62 (1H, multiplet). 

10 

PREPARATION 34 

(2S,4S)-4-Mercapto-2-[(3RV3-(4-nitrobenzyloxyra 
carbonyQpyrrolidine - - - - - 

Following a procedure similar to that described in Preparation 1 8, but using 1 .29 g of (2S,4S)-4-(4-methox- 
ybenzylthio)-1-(4-nitn>benzyloxycai1>onyl)-2-pyrrolidinecart)oxy1^ acid, 365 mg of pivaloyl chloride and 1.14 g 
of (3R)-3-(4-niti > obenzytoxycarbonyl)aminopyrrolidine trifluoroacetate, 1.09 g of the title compound were ob- 
tained as a powder. 
20 Infrared Absorption Spectrum (KBr), cnrr 1 : 

1707, 1653, 1523, 1347, 855. 

PREPARATION 35 

25 (2S,4S)-4-Mercapto-2-[(3R)-3-(N-4-nitrobenz^ 
trobenzyloxycarbonyQpyrroHdine 

Following a procedure similar to that described in Preparation 23, but using 3.00 g of (2S,4S)-4-(4-methox- 
ybenzylthioH-(4-nitrobenzyloxyca!to^ acid - °- 70 9 of (3R)-3-aminopyrrolidine, 

30 1 .31 g of the title compound were obtained as a powder. 

Infrared Absorption Spectrum (KBr), cnrr 1 : 

1706, 1651, 1552, 1441, 1345, 1171. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 O t 270 MHz), 5 ppm: 
1.56- 2.25 (2H, multiplet); 
35 2.09 & 2.11 (together 3H, two singlets); 

2.62 - 2.83 (1H, multiplet); 
3.04 - 4.09 (8H, multiplet); 

4.14 - 4.62 (2H, multiplet); 
4.98 - 5.37 (4H, multiplet); 

40 7.43 - 7.70 (4H, multiplet); 

8.15 - 8.30 (4H, multiplet). 

PREPARATION 36 

45 (2S,4S)^mercapto-2-[(3R)-3-(N-4-rt 
nitrobenzyloxycarfaonyQpyrrolidine 

Following a procedure similar to that described in Preparations 23(iii) and 23(iv), but using 0.75 g of (2S.4S)- 
4-(4nrnethoxybenzylthio)-2H(3R)-3-amin^ hy- 
so drochloride and 0.31 g of N-(4-nitrobenzyloxycarbonyt)formamidine, 0.51 g of the title compound were obtained 
as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 
1706, 1644, 1521, 1405, 1345, 1186. 
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PREPARATION 37 

(2S,4S)^Merc»pto-2^3-(4-nrtrobenzyl^ 
cart>onyl]-1-(4-nitrobenzyloxycart)onyl) pyrrolidine 

37(i) (2S,4S)-2-(3-HydroxymethyM-plperazinyicarbon^ -<4-nitrobenzyloxycart>o- 
nyl)pyrfDiidine 

Following a procedure similar to that described in Preparation 8, but using 10.0 g of (2S,4S)-4-(4-meth x- 
ybenzytthio)-1^4-nitrobenzy1oxy(»rbonyl)-2-pyrrolidine(»^oxylic acid, 4.4 g of N,N'-carbonyldiimidazole and 
4.0 g of 2-hydroxymethylpiperazine, 6.9 g of the title compound were obtained, as a powder. 

37(ii) (2S,4S)^4-Methoxybenzyithk>)-2-[3-(4-nitroben^ 
nyl)-1-pipei^nytcarbonyll-1-(4-nitrobenzyloxycaitonyl)-pyrroiidine 

Following a procedure similar to that described in Preparation 7(iii), but using 3.5 g of (2S,4S)-2-(3-hydrox- 
ymethyl-1-piperazinylcarbonyl)^(4Hrnethoxy^ [prepared 
as described in step (i) above], 4.2 g of 4-nitrobenzyl chloroformate and 2.4 g of 4-dimethylaminopyridine, 4.9 
g of the title compound were obtained, as an amorphous solid. 

37(iii) (2S.4S)^Mercapto-2-[3-(4-nitrobenzylox^ 
2inylcarbonyll-1-(4-nitrobenzyioxycarbonyl)- pyrrolidine 

Following a procedure similar to that described in Preparation 4(b), but using 0.23 g of (2S,4S)-4-(4-me- 
thoxybenzy1thio)-2-[3^4-nitrobenzylox 

1-(4-nitrobenzy1oxycarbonyl)pyrrolidine [prepared as described in step (ii) above], 0.28 ml of anisole, 2.3 ml 
oftrifluoroaceticacid and45 ^ of trifluoromethanesul phonic acid, 190 mg of the title compound were obtain d, 
as an amorphous solid. 

Infrared Absorption Spectrum (KBr), cm- 1 : 

1707, 1608, 1521, 1430, 1406. 1345. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 6 ppm: 
1.68 (1H, singlet); 
1.86 - 1.99 (1H, multipiet); 
2.62 - 2.69 (1 H, multipiet); 

2.93 (1H, doublet of doublets, J = 13.67 & 3.91 Hz); 

3.10- 3.63 (4H, multipiet); 

3.91 - 4.75 (8H, multipiet); 

5.11 - 5.30 (6H, multipiet); 

7.47 (6H, doublet, J = 8.30 Hz); 

8.14 - 8.26 (6H, multipiet). 

PREPARATION 38 

(2S.4S)^Mercapto-2-[3-(4-nitrobenzy1ox^ 
(4-nitrobenzyloxycarbonyl)pyrrolidine • 

Following a procedure similar to that described in Preparation 8, but using 0.47 g of (2S^4S)-4-(4-methox- 
ybenzy(thio)-1-(4^nitroben2^oxycarbony1)-2-pyrrolidinecarboxylic acid, 0.20 g of N,N'-carbonyidiimidazole 
and 0.70 g of 2-(4-nitrobenzyloxycarbonyl)-1-(4-nitrobenzyloxycai1x>nyl)piperazine t 270 mg of the title com- 
pound were obtained as an amorphous solid. 

Infrared Absorption Spectrum (KBr). cnr 1 : 
1707, 1653, 1607, 1522, 1430, 1346. 
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PREPARATION 39 

(2S.4S)-^Mercapto-2-[(3R)-1-(r4-4-nitrobenzyl xycart>onylacetimldoy0pyrrolidifv3-ytaminocaffaonyll-1-(4-ni- 
trobenzyloxycarbonyQpyrrolidine 

Following a procedure similar to that described in Preparation 23(iii) and 23(iv), but using 0.76 g of (2S.4S)- 
4-(4nnethoxybenzylthio)-H4-nitrobenzyloxy<^onyl>-2-[(3R)-p^ hy- 
drochloride and 0.33 g of ^(4-nitrobenzy1oxycarbony1)acetamidine, 0.45 g of the title compound was obtained 
as a powder. 

Infrared Absorption Spectrum (KBr), Vmax cmr 1 : 
1720,1665.1520,1437,1345,1234. 

PREPARATION 40 

(2S,4S)-4-Mercapto-2-{N-[2-(tM-nitrobenzyloxy carton 
loxycarbonyi) pyrrolidine 

Following a procedure similar to that described in Preparation 17, but using 850 mg of (2S,4S)-4-(4me- 
thoxybenzylthio>-1-(4-nitrobenzyioxycarbonyi)-2-pyrrolidinecarboxyiic acid, 450 mg of ethyienediamine and 
430 mg of N r (4-nitrobenzyioxycarbonyl)acetamidine i 295 mg of the title compound were obtained as a powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1705, 1665, 1568, 1517, 1346, 1225. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 + D 2 0, 270 MHz), 6 ppm: 
2.23 (3H, singlet); 
2.1 -2.4 (1H, broad); 
2.5-2.8 (1H, broad); 
3.3 - 3.65 (6H, muftiplet); 
3.95 - 4.45 (2H, multiplet); 
5.15- 5.30 (4H, multiplet); 
7.45 - 7.60 (4H, multiplet); 
8.17- 8.27 (4H, multiplet). 



PREPARATION 41 

(2S,4SH~Meroapto-2-{N^2-(l^nitrobenzylox^ 
zy1oxycarbonyt)pyrrolidine 

Following a procedure similar to that described in Preparation 17, but using 850 mg of (2S,4S)-4-(4-me- 
thoxybenzylthio)-1-(4-nitrobehzyl6^ acid, 450 mg of ethyienediamine and 

400 mg of N-(4-nitrobenzyloxycarbonyl)formamidine, 280 mg of the title compound were obtained as a powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1705, 1665, 1568, 1517, 1346, 1225. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 . 270 MHz), 5 ppm: 

2.11 -2.30(1 H, multiplet);* 

2.55 - 2.80 (1 H, multiplet); 

3.30 - 3.48 (3H, multiplet); 

3.52 - 3.75 (3H, multiplet); 

3.93 - 4.06 (1 H, multiplet); 

4.18-4.32 (1H, multiplet); 

5.13 - 5.36 (4H, multiplet); 

7.43 - 7.60 (4H, multiplet); 

8.15 - 8.27 (4H, multiplet); 

8.47 & 8.97 (1 H. two singlets). 
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PREPARATION 42 

(2S,4S)-4~Mercapto-2-(3-dimethylamino-1 t 2,5,6-tetrahydropyrazin-1-y!car^ xycaroo- 
ny1)pyrrolidine trifluoromethanesutfonate 

42(i) (2S,4S)-4-(4-Methoxybenzy1thfo)-2-(3-dimethyl^^ 
trobenzyioxycarfaonyQpyrrolidine 

Following a procedure similar to that described in Preparation 1(0. but using 446 mg of (2S,4S)-4-(4-me- 
thoxybera^thio)-1-(4-nitrobenzyioxyc»rtonyl)-2-pyrrolidinecart)oxyiic add, 178 mg of N,N'-carbonytdi imida- 
zole, 289 mg of 3-dimethyiamino-1,2,5 f 6-tetrahydropyra2ine bis(trrfluoroacetate) and 289 \i£ of diisopropyien- 
thyiamine, 460 mg of the titie compound were obtained, as a powder. 

42(H) (2S,4SM-Mercapto-2-(3-dimethy1amino^ 
carbonyQpyrrolidine trtf I uorometh a ne sulfonate 

Following a procedure similar to that described in Preparation 1(iv), but using the whole of the (2S t 4S)-4- 
(4-methoxybenzylthio)-2-(3^imethy^ 

nyi)-pyrrolkjine [prepared as described in step (0 above], 451 mg of the title compound were obtained as a vis- 
cous oil. 

Infrared Absorption Spectrum (liquid film), cnr 1 : 

1705, 1670, 1610, 1525, 1445, 1409, 1348, 1287, 1228. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 O f 270 MHz), 5 ppm: 

1.58-1.78 (1H, multiplet); 

2.71 -2.86 (1H, multiplet); 

2.88 - 3.86 (12H, multiplet); 

3.90- 4.10 (1H, multiplet); 

4.48 - 4.68 (2H, multiplet); 

4.75-4.92 (1H, multiplet); 

5.02 - 5.23 (2H, multiplet); 

7.52 & 7.63 (together 2H, two doublets, J = 8.79 Hz); 
8.21 & 8.23 (together 2H, two doublets, J = 8.79 Hz). 

PREPARATION 43 

(2S,4S)-4-Mercapto-2-[4-(N-4-nitrobenzy1oxyc 
benzyloxycarbonyl)pyrrolidine 

Following a procedure similar to that described in Preparation 1 , but using 446 mg of (2S,4S)-4-(4-methox- 
ybenzylthio)-1-(4-nitrobenzyloxycart>onyl)-2-pyrroiidinec^oxytte acid, 220 mg of 4-t-butoxycarbonylaminoph 
peridine and 119 mg of N-(4-nitrobenzytoxycarbonyl)acetamidine, 307 mg of the title compound were obtained 
as a powder. 

Infrared Absorption Spectrum (KBr), Vmn cnr 1 : 

1781, 1703, 1633, 1610, 1345. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 6 ppm: 

1.40 -2.1 5 (7H, multiplet); 

2.21 & 2.32 (together 3H, two singlets); 

2.65 - 2.80 (1H, multiplet); 

3.10- 3.50 (3H, multiplet); 

3.65 - 4.75 (6H, multiplet); 

5.23 (4H, singlet); 

7.48 - 7.60 (4H, multiplet); 

8.18 - 8.26 (4H, multiplet). 
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PREPARATION 44 

(2S,4S)^Mefcapto-2-[4-(hM-nitrobenzytoxycarb nytacetimldoyt)plperazirv1-ytcartx>nyt)-1-methytpyrroli- 
dine 

Following a procedure simBar to that described in Preparation 1, but using 282 mg of (2S,4S)-4-<4-methoxy 
benzy1thio)-1-methy1-2-pyrrolidinecart)oxyiic acid, 203 mg of l-t-butoxycarbonylpiperazine and 258 mg of N- 
(4-nitrobenzyioxycarbonyl)acetamidine v 225 mg of the title compound were obtained as a viscous oil. 

The title compound was also prepared by acytating 1-^-4-nitrobenzyloxycarbonytacetimidoyl)piperazine 
with 4-(4-methoxybenzytthio)-1-methytpyrro!idine-2-carboxyiic acid and then deprotecting the product 
Infrared Absorption Spectrum (liquid film), cm- 1 : 

1780, 1705, 1635, 1610, 1346: 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 0, 270 MHz), S ppm: 
1.77 - 1.90 (1H, multiplet); 
2.14 (3H t singlet); 
2.82 (3H, singlet); 
2.95 - 3.05 (1H, multiplet); 
3.10 - 3.28 (3H, multiplet); 
3.45 - 3.80 (8H. multiplet); 
4.60 (1H, doublet of doublets, J = 9.3 & 8.3 Hz); 
5.28 (2H, singlet); 
7.66 (2H. doublet J = 8.8 Hz); 
8.25 (2H, doublet J = 8.8 Hz). 

PREPARATION 45 

(2S.4S)^Meirapto-2-[(3S)-3-(4-nitroben^ 

Following a procedure similar to that described in Preparation 1 8, but using 1 .03 g of (2S t 4S)-4-(4-methoxy- 
benzyithio)-1-methyl-2-pyrrolidinecarboxylicacid f 463 mg of pivaloyl chloride and 1.45g of (3S)-3-(4-nitroben- 
zyioxycarbonyi)aminopyrrolkJine trifluoroacetate, 1 .07 g of the title compound were obtained as a powder. 
Infrared Absorption Spectrum (KBr), cnrr 1 : 

1703, 1655, 1522. 1347, 854, 737. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 5 ppm: 
1.65 - 3.85 (15H, multiplet); 
3.85 - 4.20 (2H, multiplet); 

5.19 (2H. singlet); 

7.62 (2H, doublet J = 8.30 Hz); 
7.70 - 7.90 (1H, multiplet); 

8.20 - 8.30 (2Hrmultiplet). 

PREPARATION 46 

(2S,4S)^Mercapto-2-[(3S)-3-(N^nitrobenzyloxycaito 
thylpyrrolidine 

46(i) (2S,4S)^(4-Methoxybenzylthio)-2^(3S)-3-a^ 
1-methylpyrrolidine hydrochloride 

Following a procedure similar to that described in Preparations 23(i) and 23(ii), but using 2.55 g of (2S.4S)- 
4-(4^ethoxybenzyithio>-lHriethyl-2-pyrrdidinecarboxy1ic acid and 0.94 g of (3S)-3-aminopyrrolidine, 2.91 g 
of the title compound were obtained as a powder. 

46(H) (2S,4S)^Mercapto-2^(3SV3-(N^nttrobenzy^ 
1-methylpyrrolidine . ~ ■„ ^ . ... . _ . ^ - 

Following a procedure similar to that described in Preparations 23(iii) and 23(tv), but using N-(4-nitroben- 
zylQxycarfoonyl)formamidine instead of the N r (4-nitrobenzyloxycarbonyl)acetamidine used in Preparati n 
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23(iQ), 1 .02 g of the title compound was btained as a powder. 
Infrared Absorption Spectrum (liquid film), cm- 1 : 

1705, 1650, 1510, 1440, 1345, 1173. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 6 ppm: 
5 1 .60 - 4.60 (1 9H, multiplet); 

5.10 - 5.30 (2H, multiplet); 

7.55 - 7.75 (2H, multiplet); 
8.25 - 8.28 (2H, multiplet). 

10 PREPARATION 47 

(2S,4S)^Meirapto-2-[4-(imidazo^ 

47 (Q (2S,4S)^4-MethoxybeiTzy1thio)-2-f4-(imida^^ 
15 nyl) pyrrolidine 

660 mg of N,N'-carbonyldiimidazole were added to a solution of 1 .52 g of (2S,4S)-4-(4-methoxyben2ylthio)- 
1-(4-nitrobenzyioxycart>on^>-2-pyrix>lklinecart>oxylic acid In 15 ml of dry acetonitrile, and the resulting mixture 
was stirred at room temperature for 30 minutes. A solution of 538 mg of 4-(imidazol-1-yl)piperidine in 5 mi of 
20 dry acetonitrile was then added to the solution, and the mixture was stirred at room temperature for 30 minutes 
and then at 40°C for a further 7 hours. At the end of this time, the reaction mixture was concentrated by evap- 
oration under reduced pressure, and the residue was dissolved in ethyl acetate. The resulting solution was 
washed with an aqueous solution of sodium hydrogencarbonate, with water and with an aqueous solution of 
sodium chloride, in that order. The organic solution was then dried over anhydrous sodium sulphate, and the 
25 solvent was removed by distillation under reduced pressure. The residue was purified by reverse phase column 
chromatography through 200 ml of Cosmo Si! 75C 18 -PREP (a trade mark for a product of Nacalai Tesque), using 
a gradient elution method, with mixtures of acetonitrile and water ranging from 50 : 50 to 55 : 45 by volume as 
the eluent Those fractions containing the title compound were combined and concentrated by evaporation un- 
der reduced pressure, to give 1.45 g of the title compound, as a powder. 
30 Infrared Absorption Spectrum (liquid film), v^ cm- 1 : 

1709, 1655, 1609, 1512, 1345, 1246, 1110. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), S ppm: 
1.70-1.95 (2H, multiplet); 
2.05 - 2.23 (3H, multiplet); 
35 2.40 - 2.55 (1 H, multiplet); 

2.60 - 2.85 (1H, multiplet); 
3.03 - 3.43 (3H, multiplet); 
3.73 (3H, singlet); 
3.77 - 4.25 (5H, multiplet); 
40 4.59 - 4.84 (2H, multipiet); 

5.02 - 5.35 (2H, multiplet); 
6.85 (2H, doublet, J = 8.8 Hz); 
6.96 (1H, singlet); 

7.07 & 7.09 (together 1 H, two singlets); 
45 7.23 (2H, doublet, J = 8.8 Hz); 

7.47 (2H, doublet J = 8.8 Hz); 

7.56 (1H, singlet); 

8.23 (2H, doublet. J = 8.8 Hz). 

so 47(ii) (2S,4S)-4-Mercapto-244-(imidazol-1-yl)piperi 

350 uf of trifluoromethanesulphonic acid were added, whilst ice-coding, to a solution of 1 .44 g of (2S,4S)- 
4-(4-methoxybenzylthi )-2-[4-(imidazol-1-yl)-piperidin-1-ylcaito^ 

[prepared as described in step (i) above] in a mixture of 1.5 ml of anlsole and 7.5 ml of trfftuoroacetic acid, and 
55 the resulting mixture was stirred at room temperature for i hour and theo-at 35°C for a further 30 minutes. At 
the end of this time, th reaction mixture was concentrated by evaporation under reduced pressure, and the 
residue was washed four times with diethyl ether to give a colourless powder. The whol of this powder was 
suspended in thy! acetate and the suspension was made alkaline by th addition of an aqueous solution of 
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sodium hydrogencarfoonate. The ethyl acetate layer was separated, washed with an aqueous solution of sodium 
chloride and dried over anhydrous sodium sulphate. Th solvent was removed by distillation under reduced 
pressure, to give 1 .15 g of the tftl compound, as a colourless powder. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 5 ppm: 
5 1 .55 - 1 .85 (3H, multiplet); 

2.00 - 2.11 (2H, multiplet); 
2.63 - 2.89 (2H, multiplet); 
3.05 - 3.30 (4H, multiplet); 
3.92- 4.15 (2H, multiplet); 
10 4.25 - 4.59 (2H, multiplet); 

4.71 -4.92(1 H, multiplet); 

5.03 - 5.27 (2H, multiplet); 
6.92 - 8.28 (7H, multiplet). 
Infrared Absorption Spectrum (liquid film), cm- 1 : 
15 1705, 1652, 1523, 1442, 1347, 1268, 1170, 1035. 

PREPARATION 48 

(2S,4S)-2-[3,3-Dimethyi-4-(4-nitrobenzyloxycarbonyl)-1-piperazinyt 
20 ycarbonyt)pyrroiidine 

Following a procedure similar to that described in Preparation 38, but using 0.35 g of (2S,4S)-4-(4-methox- 
ybenzylthio)-1-(4-nitrobenzy1oxycarto acid, 0.15 g of N,N'-carbonyidiimidazole 

and 0.13 g of 2,2-dimethylpiperazine, 250 mg of the title compound were obtained as an amorphous solid. 
25 Infrared Absorption Spectrum (KBr), crrr 1 : 

1707, 1652, 1607, 1521, 1431, 1347. 

PREPARATION 49 

30 (2S,4S)-4-Mercapto-1-methyt-2-f4-(4-nito trifluor- 
omethanesulfonate 

49(i) (2S t 4S)-2-Carbamoyl-4-(4-methoxybenzylthio)-1-methylpyrrolidine 

35 1 0.86 ml of dimethyl sulphate were added to a solution of 30 g of (2S,4S)-2-carbamoyt-4-(4-methoxyben- 

zyithio)pyrrolidine hydrochloride in a mixture of 36 ml of a 20% w/v aqueous solution of sodium hydroxide and 
470 ml of dioxane, and the resulting mixture was stirred at a temperature of between 22°C and 23°C for 1 hour. 
At the end of this time, the reaction mixture was concentrated by evaporation under reduced pressure, and the 
resulting residue was extracted with 2 liters of ethyl acetate. The extract was washed with an aqueous solution 
40 of sodium chloride and dried over anhydrous magnesium sulphate. The solution was then concentrated by 
evaporation under reduced pressure, until crystals emerged, and then 400 ml of diiso propyl ether were added 
to the mixture and the crystals which precipitated were collected by filtration, to give 23 g of the title compound 
as crystals, melting at 113 - 114°C. 

Infrared Absorption Spectrum (KBr), v^x crrr 1 : 
45 1636, 1609, 1512. 

Nuclear Magnetic Resonance Spectrum (60 MHz, CDCf 3 ) 8 ppm: 
1.58 - 3.36 (6H, multiplet); 
2.35 (3H, singlet); 
3.68 (2H, singlet); 
50 3.78 (3H, singlet); 

5.95 (1H. broad singlet); 

6.84 & 7.23 (4H. A^. J = 9.0 Hz); 

7.20 (1 H, broad singlet). 

55 49(if) (2S,4S)-2^art>oxy^(4^ethoxy^ ^ _ 

15.16 g of (2S,4S)-2-cart>amoyi-4-(4-metho [prepared as described in 

step (0 above] were dissolved in 170 ml of 2N aqueous hydrochloric acid, and the solution was stirred in a bath 
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kept at 110°C for 3.5 hours. At th end of this time, the reaction mixture was cooled to room temperature, and 
its pH was adjusted to a value of 8.5 by th addition f sodium cart) nate. The mixture was then concentrated 
by evaporation und r reduced pressure, after which it was allowed to stand in a refrigerator to precipitate crys- 
tals. The precipitated crystals were collected by filtration and washed with a small amount of cold water. They 
5 were then dried, to give 10.4 g of the title compound. The mother liquor was then concentrated by evaporation 
under reduced pressure, and the residue was subjected to column chromatography through CHP20P (75-150 
li, Mitsubishi Chemical Industries, Ltd.), using 50% v/v aqueous methanol as the eluent, to afford a further 3.7 
g of the title compound, as crystals melting at 185-187.5°C. 
Infrared Absorption Spectrum (KBr), cnr 1 : 
10 1641, 1623, 1512. 1373. 1311. 1253. 

Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0) 6 ppm: 
1.83-1.93 (1H, multiplet); 
2.59-2.75 (1H, multiplet); 

2.72 (3H, singlet); — 
is 3.16 - 3.23 (1H, multiplet); 

3.03 - 3.43 (2H. multiplet); 
3.62 (2H, singlet); 
3.64 (3H, singlet); 

3.74 (1H, doublet of doublets, J = 9.53 & 6.96 Hz); 
20 6.80 (2H, doublet, J = 8.60 Hz); 

7.15 (2H, doublet, J = 8.60 Hz). 

49(iii) (2S,4S)-4-(4-Methoxybenzylthio)-1-methyl-2^ 
nyl]pyrrolidine 

25 

A suspension of 1.8 g of (2S,4S)-2-cart>oxy-4-(4-methoxybenzylthk))-1-methylpyrrolidine [prepared as de- 
scribed in step (ii) above] and 1.26 g of N,N'-carbonyfdiimidazofe in 18 ml of dry acetonitrile was stirred at 35°C 
for 25 minutes. A solution of 3.7 g of 1-(4-nitrobenzytoxycarbonyl)homopiperazine trifluoroacetate in 20 ml of 
dry acetonitrile and 2.0 ml of N.N-diisopropylethylamine were then simultaneously added dropwise, whilst ice- 
so cooling, to the reaction mixture, and the resulting mixture was stirred at room temperature for 8 hours, after 
which it was allowed to stand overnight at room temperature. At the end of this time, the reaction mixture was 
concentrated by evaporation under reduced pressure, and the residue was dissolved in ethyl acetate. The sol- 
ution was washed with an aqueous solution of sodium hydrogencarbonate, with a phosphate buffer solution 
(pH 6.86), with water and with an aqueous solution of sodium chloride, in that order. The ethyl acetate layer 
35 was then dried over anhydrous magnesium sulphate, and the solvent was removed by distillation under reduced 
pressure. The resulting residue was purified by column chromatography through silica gel (Merck Art 9385), 
using a 95 : 5 by volume mixture of acetonitrile and water, to give 2.5 g of the title compound. 
Infrared Absorption Spectrum (liquid film), cnr 1 : 
1701, 1646, 1513, 1426, 1346, 1246. 
40 Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 5 ppm: 

1.66- 1.95 (4H. multiplet); 
2.26 & 2.29 (together 3H, two singlets); 
2.42 - 2.63 (2H, multiplet); 
3.07 - 3.23 (3H. multiplet); 
45 3.44 - 3.82 (7H, multiplet); 

3.70 (2H, singlet); 
3.79 (3H, singlet); 
5.15 - 5.30 (2H, multiplet); 
6.83 (2H. doublet, J = 8.30 Hz); 
so 7.21 (2H, doublet, J = 8.30 Hz); 

7.49 & 7.50 (together 2H, two doublets, 8.30 Hz). 



49(tv) (2S,4S)-4-Merrapto-1-methy1-2H^(4-nitroben 
«5 trifluoromethanesulfonate . ... - - ^ — 

25 ml of trfflu roacetic acid and 0.83 ml of trifluoromethanesulphonic acid were added dropwise, whilst 
ice-coding, to a solution f 2.5 g of (2S,4S)^4~methoxybenzyIthk>)-1-methyl-2-[4^ 
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ny1)-1 -homopiperazinylcarbonyQ-pyrrolidin [prepared as described in step (Hi) above] in 5.2 ml of anisol , and 
the resulting mixture was stirred at th same temperature for 50 minutes. At the end of this time, the reacti n 
mixture was concentrated by vaporatton under reduced pressure, and the residue was decanted, in turn, with 
hexane and with diethyl ether, to giv 2.7 g of the tftl compound as an amorphous solid. 
5 Infrared Absorption Spectrum (liquid film), cm- 1 : 

1688, 1650, 1522, 1483, 1434, 1349: 
Nuclear Magnetic Resonance Spectrum (270 MHz, hexadeuterated dimethyl sulphoxide) 5 ppm: 
1.58- 1.92 (2H, multiplet); 
2.67 - 3.08 (3H, multiplet); 
10 3.28 - 3.82 (1 3H, multiplet); 

4.20 - 4.85 (2H, multiplet); 
5.16- 5.28 (2H, multiplet); 
7.53 - 7.67 (2H, multiplet); 
8.24 (2H, doublet, J » 8.31 Hz). 

15 

PREPARATION 50 

(2S,4S)-4-(4-Mercapto^2-[4-(4-nitrobenzyloxycaitonylmethyl)-1-hom 
loxycarbonyQpyrrolidine bis(trifluoromethanesulfonate) 

20 

50(i) (2S t 4S)^(4-Methoxybenzy1thio)-244-(4-nitrob 
(4-nftrobenzytoxycart>onyj)pyrrolidine 

3.5 g of N,N'-carbonyldiimidazoJe were added to a solution of 8.0 g of (2S,4S)-4-(4-methoxybenzylthio)6- 
25 1-(4-nitrobenzyIoxycarbonyi)-2-pyrrolkJinecarboxyiic acid in 80 ml of dry acetonitrile, and the resulting mixture 
was stirred at room temperature for 30 minutes. A solution of 14.0 g of 1-(4-nitrobenzy1oxycart>onyimethyi)hom- 
opiperazine bis(trifluoroacetate) in 80 ml of dry acetonitrile and 14.1 ml of diisopropylethylamine were added, 
whilst ice-cooling, to the mixture, and the resulting mixture was stirred at room temperature for 1.5 hours and 
then at 30°C for a further 1 .5 hours, after which it was allowed to stand overnight at room temperature. At the 
30 end of this time, the reaction mixture was concentrated by evaporation under reduced pressure, and the re- 
sulting residue was diluted with ethyl acetate. The dilute solution was washed with water and with an aqueous 
solution of sodium chloride, in that order, and it was then dried over anhydrous magnesium sulphate. The sol- 
vent was then removed by distillation under reduced pressure, and the resulting residue was purified by column 
chromatography through silica gel (Merck Art 9385), using ethyl acetate as the eluent, to give 7.6 g of the title 
35 compound as an amorphous solid. 

Infrared Absorption Spectrum (liquid film), cm- 1 : 

1748, 1709, 1650, 1608, 1520, 1429, 1404, 1346. 
Nuclear Magnetic Resonance Spectrum (CDCI3, 270 MHz), 5 ppm: 
1.71-2.03 (3H, multiplet); 
40 2.42 - 3.17 (6H, multiplet); 

3.32 - 4.08 (8H, multiplet); 
3.73 (2H, multiplet); 

3.80 & 3.82 (together 3H, two singlets); 
4.49 - 4.63 (1 H, multiplet); 
45 5.02 - 5.35 (4H, multiplet); . 

6.85 (2H, doublet, J = 8.30 Hz); 
7.23 (2H, doublet J = 8.30 Hz); 
7.43 - 7.52 (4H, multiplet); 
8.15-8.25 (4H, multiplet). 

50 

50(ii) (2S,4SM-Mercapto-2-(4-(4-nitrobenzyloxycarbonylm 
zyloxycarbonyQpyrroiidine bis(trifluoromethanesulfonate) 

1 5 ml of trif luoroacetic acid and 0.36 ml of trifluoromethanesulph nic acid were added, whist ice-cooling, 
55 to a solution of 1.47 g of (2S,4S)-4~(4-methoKy£enzyfttri^^ 

perazinylcarbonylH-(4-nitrobenzyl xycarbonyt)pyrrolidine [prepared as described in step (0 above] in 2.2 ml 
of anisole, and the resulting mixture was stirred at room temperature for 1 hour. The solvent was then removed 
by distillation under reduced pressure, and the resulting residu was repeatedly washed with diethyl th r by 
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decantation and dried in vacuo to give 1 .8 g of the titl compound, as a powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1757, 1700, 1608, 1523, 1441, 1408, 1348. 
Nucl ar Magnetic Resonance Spectrum (270 MHz, h xadeuterated dimethyl sulphoxide) 6 ppm: 
5 1.61 -1.80(1 H t multiplet); 

2.00 - 2.28 (2H, multiplet); 
2.65 - 2.86 (1 H, multiplet); 
3.08 - 4.24 (13H, multiplet); 

4.31 - 4.48 (2H, multiplet); 
10 5.02 - 5.37 (2H, multiplet); 

5.42 (2H, singlet); 

7.52 & 7.62 (together 2H, two doublets, 8.79 Hz); 
8.23 (2H, doublet J = 8.79 Hz); 

8.27 (2H, doublet, J = 8.30 Hzh 

15 

PREPARATION 51 

(2S,4S)^Merc»pto-2-(4-rnethy1-1-piperra difluoromethanesulfonate 

20 51(1) (2S.4S)-4~(4-Methoxybenzy1thio)-2-(4-n^ 

700 mg of N.N'-carbonytdiimidazole were added to a suspension of 1.0 g of (2S,4S)-2-carboxy-4-(4-me- 
thoxybenzylthio)-1-methylpyrrolidine in 15 ml of dry acetonitrfle, and the resulting mixture was stirred at 40°C 
for 30 minutes. At the end of this time, the reaction mixture was ice-cooled, and 440 uf of N-rnethytpiperazin 
25 were added to the mixture. The temperature was then allowed to rise to room temperature over a period of 30 
minutes. At the end of this time, the reaction mixture was concentrated by evaporation under reduced pressure, 
and the residue was purified by reverse phase column chromatography using UChroprep RP-8 (trade mark) 
as stationary phase and 70% v/v aqueous methanol as the eluent, to give 1060 mg of the title compound as 
an oil. 

30 Nuclear Magnetic Resonance Spectrum (CDC£ 3t 270 MHz), 5 ppm: 

1.77-1.85 (1H, multiplet); 
2.30 (3H, singlet); 

2.32 (3H, multiplet); 

2.35 - 2.56 (5H, multiplet); 
35 3.05 - 3.1 7 (3H, multiplet); 

3.70 (2H, singlet); 
3.80 (3H, singlet); 

3.53 - 3.95 (5H, multiplet); 
6.84 (2H. doublet, J = 8.8 Hz); 

40 - 7.21 (2H, doublet. J - 8.8 Hz). 

Infrared Absorption Spectrum (liquid film), v^c cm- 1 : 

1635, 1611, 1511, 1460, 1445, 1292, 1248, 1033, 833. 



45 51 (ip (2S,4S)-4-Mert»pto-2^4-methyM-pipeiranylcart^ bis(trif luoromethanesul- 

fonate) 

10 ml of trifluoroacetic acid, followed by 510 liters of trifluoromethanesulphonic acid were added, whilst 
ice-cooling, to a solution of 1050 mg of (2^4S)^4-methoxyberuylthio)-2-(4-meth^ 
so 1-methytpyrrolkJine (prepared as described in step (0 above] in 3 ml of anisole, and the resulting mixture was 
stirred at room temperature for 1 hour. At the end of this time, the reaction mixture was concentrated by evap- 
oration under reduced pressure, and the residue was triturated with diethyl ether to cause solidification. The 
solid was washed with diethyl ether five times and dried, to give 1 350 mg of the title compound as a powder. 
Nuclear Magnetic Resonance Spectrum (270 MHz, hexadeuterated dimethyl sulphoxide) 6 ppm: 
55 - _ .1.74*1.86 (1H f multiplet); 

2.81 (3H, singlet); 
2.84 (3H, singlet); 
2.94 - 3.20 (4H, multiplet); 
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3.28 - 3.87 (12H, multiplet). 
Infrared Absorption Spectrum (KBr), cnrr 1 : 

1665, 1480, 1272, 1240, 1226, 1163, 1030, 640. 

PREPARATION 52 

(2S,4S}-2-[4-(2-HydroxyethylH-piperaz^^ bis(trifluoromethane- 
sulfonate) 

52(i) (2S,4S)-2-(4^2-HydroxyethylH-piperazinyl^ 

800 mg of N,N'-carbonyidiimidazole were added to a suspension of 1 .1 3 g of (2S,4S)-2-carboxy-4-(4-me- 
thoxybenzylthio)-1-nnethylpyrrolidine in 20 ml of dry acetonitrfle, and the resulting mixture was stirred at 40°C 
for 30 minutes. At the end of this time, the reaction mixture was ice-cooled, and 600 mg of N-hydroxyethylpl- 
perazine were added to the mixture. The temperature was allowed to rise to room temperature over a period 
of 30 minutes. The reaction mixture was then concentrated by evaporation under reduced pressure, and the 
residue was purified by reverse phase column chromatography using UChroprep RP-8 (trade mark) as the sta- 
tionary phase and 70% v/v aqueous methanol as the eluent, to give 1160 mg of the title compound as a col- 
ourless oQ. 

Nuclear Magnetic Resonance Spectrum (CDC2 3 , 270 MHz), 6 ppm: 

1.76-1.87 (1H, multiplet); 

2.32 (3H, singtet); 

2.43 - 2.58 (9H, multiplet); 

3.06- 3.18 (3H, multiplet); 

3.64 (2H, triplet, J = 5.4 Hz); 

3.70 (2H, singlet); 

3.80 (3H, singlet); 

3.52 - 4.08 (4H, multiplet); 

6.84 (2H, doublet, J = 8.8 Hz); 

7.21 (2H, doublet, J = 8.8 Hz). 
Infrared Absorption Spectrum (liquid film), cm- 1 : 

1637, 1611, 1511, 1461, 1444, 1247, 1034, 834. 

52(ii) (2S,4S)-4-Mercapto-2-[4-(2-hydroxyethyl)-1-pip^^ bis(trifluorome- 
thanesulfbnate) 

10 ml of trifluoroacetic acid and 520 uf of trifluoromethanesulphonic acid were added, whilst ice-cooling, 
to a solution of 1150 mg of (2S,4S>2-[4-(2-hydroxyethyl}- 1 -piperazinylcarbonyi)-4-(4-methoxyt)e nzyi th io)> 1 - 
methylpyrrolidine [prepared as described in step (i) above] in 3 ml of anisole, and the resulting mixture was 
stirred at room temperature for 1 hour. At the end of this time, the reaction mixture was concentrated by evap- 
oration under reduced pressure, to give 1680 mg of the title compound as an oil. 

Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0, using sodium tetradeuterated trimethylstlytpro- 
pionate as an internal standard), 8 ppm: 

1.99-2.09 (1H, multiplet); 

2.98 (3H, singlet); 

3.11 - 3.40 (8H, multiplet); 

3.60 - 3.85 (3H, multiplet); 

3.90 - 3.99 (6H, multiplet). 

PREPARATION 53 

(2S,4S)-4-Mercapto-2-[4-(2-cart)amoyloxyethyO^ 
dine trifluoromethanesulfonate 

53(1) (2S,4S)-244^HydroxyethylH-piperazi«^ )-1 -(4-nftrobenzyloxycar- 

bonyQpyrrolidin 

1 0.9 g of N,N'-carbonyldiimdazole were added to a solution of 25.0 g of (2S,4S)-4-(4-methoxybenzylthio)- 
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1-(4^rtrobeitzylQxycart)ony1)-2-pyrrolkJinecart» acid in 200 ml of dry acetonforU ,andth resulting mixture 
was stirred at room temperature for 1 hour. A solution of 1 0.9 g of 1-(2-hydroxy ethyl) pi perazine in 50 ml of dry 
acetontorile was added to the reaction mixture, and the resulting mixture was stirred at room temperature for 
45 minutes. At the end of this time, th reaction mixture was concentrated by vaporation under reduced pres- 
5 sure, after which it was diluted with 800 ml of ethyl acetate. The dflute solution was washed, in turn, with water 
(200 ml, three times) and an aqueous solution of sodium chloride (150 ml, once). The resulting ethyl acetate 
solution was concentrated by evaporation under reduced pressure to a volume of 1 00 ml, and the crystals which 
precipitated were collected by filtration, to give 28.6 g of the title compound as colourless crystals, melting at 
140- 141°C. 

10 Infrared Absorption Spectrum (KBr), cnrr 1 : 

1710, 1653, 1670, 1512, 1439, 1404, 1344. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 5 ppm: 

1.48-1.85 (2H, multiplet); 

2.32 - 2.64 (6H, multiplet); - 
15 2.59 (2H, triplet, J = 5.37 Hz); 

3.03- 3.1 6 (1H, multiplet); 

3.30 - 3.71 (5H, multiplet); 

3.65 (2H, triplet, J = 5.37 Hz); 
3.73 (2H, singlet); 

20 3.79 & 3.80 (together 3H, two singlets); 

3.82-4.07 (1H, multiplet); 

4.56 & 4.61 (together 1H, two triplets, J = 8.30 Hz); 
5.02 - 5.31 (2H, multiplet); 
6.85 (2H, doublet, J = 8.79 Hz); 
25 7.23 (2H, doublet, J = 8.79 Hz); 

7.43 & 7.47 (together 2H, two doublets, J = 8.79 Hz); 
8.18 & 8.23 (together 2H, two doublets, J = 8.79 Hz). 

53(ii) (2S,4S)-2^4-(2-CaroaiTK)yloxyethylH-pipera 
30 loxycarbonyQpyrrolidine 

1 .43 ml of trichloroacetyl isocyanate were added, whilst ice-cooling, to a solution of 5.59 g of (2S,4S)-2- 
[4-(2-hydroxyethy1}-1-piperaziny1carbony^ 

[prepared as described in step (i) above] in 50 mi of dry methylene chloride, and the resulting mixture was stirred 
35 at the same temperature for 30 minutes. At the end of this time, the solvent was removed by distillation under 
reduced pressure, and the resulting residue was dissolved in 120 ml of methanol. This solution was then stirred 
at room temperature for 4.5 hours in the presence of 35 g of silica gel (Merck, silica gel 60, 230 - 400 mesh). 
The silica gel was removed by filtration and the filtrate was freed from the solvent The residue was purified 
by column chromatography through silica gel, using a 8 : 1 by volume mixture of ethyl acetate and methanol 
40 as the eluent to give 5.76 g of the title compound as a colourless powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

3353, 1711, 1652. 1608, 1513, 1344, 1242. 
Nuclear Magnetic Resonance Spectrum (270 MHz, hexadeuterated dimethyl sulphoxkJe) 5 ppm: 
1.38-1.57 (1H, multiplet); 
45 2.14 - 2.70 (7H, multiplet); 

2.98 - 4.08 (9H, multiplet); 

3.72 & 3.74 (together 3H, two singlets); 

3.77 (2H, singlet); 

4.66 & 4.77 (together 1H, two triplets, J = 7.81 Hz); 
so 5.02 - 5.25 (2H, multiplet); 

6.45 (2H, broad singlet); 
6.88 (2H, doublet. J = 8.79 Hz); 
7.26 (2H, doublet J = ".79 Hz); 
7.52 & 7.60 (together 2H, two d ublets, J = 8.79 Hz); 
55 _ 8.2fr&8.24 (tog ther 2H, two doublets, J = 8.79 Hz). 
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53(iii) (2S,4S)^Meirapto-2-[4-(2-carbamoyloxyeth^ nzyloxycarbo- 
nyQpyrrolidfne trifluoromethanesulf nate 

2.67 ml of trifluoroacetic acid and 1 22 \ii of trifluoromethanesulphonic acid were added, whilst Ice-cooling, 

5 to a solution of 417 mg of (2S,4S)-4-(4-methoxybenzylthio)-2-{^ 

nyt}-i^4-nitrobenzyloxycart)onyl)pyrrolidine [prepared as described in step (ii) above] in 753 \i£ of anisole, and 
the resulting mixture was stirred at the same temperature for 1 hour. At the end of this time, the solvent was 
removed by distillation under reduced pressure, and the residue was repeatedly washed with diethyl ether by 
decantation. After the residue had been dried in vacuo, 325 mg of the title compound were obtained, as a pow- 

10 der. 

Infrared Absorption Spectrum (KBr), v^ cnr 1 : 

1707, 1608, 1524, 1438, 1347. 1280. 1169, 1030. 
Nuclear Magnetic Resonance Spectrum (270 MHz, hexadeuterated dimethyl sulphoxide + D 2 0) 5 ppm: 

1 .60 -~1 .84 (1 H, multiplet); — 
1S 2.65 - 2.90 (1 H, multiplet); 

2.85 - 4.60 (14H, multiplet); 

4.63 - 5.30 (4H, multiplet); 

7.52 & 7.64 (together 2H, two doublets. J = 8.79 Hz); 
8.23 & 8.24 (together 2H, two doublets, J = 8.79 Hz). 

20 

PREPARATION 54 

(2S,4SV2-[4-(2-HydroxyethylH-piperazinylra^ 
25 54(a) (i) trans-4-Methanesuifonyloxy-1-(4-nitrobenzyloxycarbonyl)-L-proline 

12.20 ml of triethylamine and 6.81 ml of methanesulphonyl chloride were added, whilst ice-cooling, to a 
solution of 12.41 g of trans- 4-hydroxy-1-(4-nttrobenzylox^ in 100 mi of dry tetrahydrofuran, 

and the resulting mixture was stirred at the same temperature for 40 minutes. At the end of this time, the reaction 
30 mixture was concentrated by evaporation under reduced pressure, and the residue was mixed with 350 ml of 
ethyl acetate and 50 ml of 1N aqueous hydrochloric acid. The mixture was then stirred at room temperature 
for 2.5 hours, after which the organic layer was separated and washed three times with an aqueous solution 
of sodium chloride; it was then dried over anhydrous magnesium sulphate. The solvent was removed by dis- 
tillation under reduced pressure, to give 12.57 g of the title compound, as a powder. 
35 Infrared Absorption Spectrum (KBr), v^ crrr 1 : 

1834, 1753, 1713. 1524, 1346, 1173. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 6 ppm: 
2.31 - 2.88 (2H, multiplet); 
3.08 (3H, singlet); 
40 3.76 - 4.07 (2H, multiplet); 

4.58 (1H, triplet, J = 7.81 Hz); 
5.05 - 5.41 (3H, multiplet); 

7.46 & 7.52 (together 2H, two doublets, J = 8.79 Hz); 
7.50 (1H, broad singlet); 
45 8.19 & 8.22 (together 2H, two doublets, J = 8.79 Hz). 

54(a) (ii) (2S,4R)-2-[4-(2-Hydroxyethyl)-1-piperazinylcajfton 
carbonyQpyrrolidine 

so 1.11 g of 1-(2-hydroxyethyi)piperazine, 1.29 ml of diethyl cyanophosphonate and 1.18 ml of triethylamine 

were added, in that order, whilst ice-cooling, to a solution of 3.00 g of trans- 4-methanesulphonyloxy- 1 -(4- 
nitrobenzy1oxycarbonyl)-L-proline [prepared as described in step 54(a) (i) above] in 35 ml of dry acetonitrile, 
and the resulting mixture was stirred at room temperature for 30 minutes. At the end of this time, the reaction 
mixture was concentrated by evaporati n under reduced pressure, and the residue was purified by column 
65 chromatography through silica gel, using a 5 : 1 by volume mixture of ethyl acetate and methanol as th eluent, 
to give 2.60 g of the title compound, as a powder. 

Infrared Absorption Spectrum (KBr), v^ crrr 1 : 
1712, 1652, 1523,-1345, 1171. 
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Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 5 ppm: 
2.23 - 2.80 (9H, multiplet); 
3.06 & 3.07 (together 3H, two singlets); 

3.44 - 4.06 (8H, multiplet); 
5 4.81 - 4.95 (1 H, multiplet); 

5.04 - 5.41 (3H, multiplet); 

7.46 & 7.51 (together 2H, two doublets, J = 8.79 Hz); 
8.21 & 8.22 (together 2H, two doublets, J = 8.79 Hz). 

10 54(a) (ii') (2S,4R)-2-[4-(2-Hydroxyethyl)-1 -p iperagjnylcarfa onyl}-4-rne than esuifonyloxy-1 -(4- nitro benzyl oxy- 
carbonyQpyrroltdine 

584 mg of N,N'-carbony1diimidazole were added to a solution of 1.16 g of trans- 4-methanesulphonyloxy- 
1-(4-nitrobenzy1oxycarbonyt)-L-proline in 10 ml of dry acetonitrile, and the resulting mixture was stirred at 40°C 

15 for 1 hour. 566 mg of 1-(2-hydroxyethyl)piperazine were then added to the mixture, whilst ice-cooling, and th 
resulting mixture was stirred at the same temperature for 35 minutes. The solvent was then removed by dis- 
tillation under reduced pressure, and the residue was purified in a similar manner to that described in step 
54(a)(ii), to give 930 mg of the title compound, as a powder. The infrared absorption spectrum and nuclear mag- 
netic resonance spectrum of the product were identical with those of the compound obtained as described in 

20 step 54(a) (ii) above. 

54(a) (ii*) (2S,4R)-2-[4-(2-HydroxyethylH-piperazinylca 
carbonyQpyrrol kJ in e 

25 0.21 ml of triethyiamine, followed by 0.1 9 ml of pivaloyl chloride, were added dropwise at -20°C to a solution 

of 0.5 g of trans^ methanesulphony1oxy-1-(4^nitrobenzyloxycajtK)ny1)-L-proline in 5 ml of dry tetrahydrofuran, 
and the resulting mixture was stirred at the same temperature for 5 minutes. A solution of 0.25 g of 1-(2-hy- 
droxyethyl)piperazine in 3 ml of dry tetrahydrofuran was then added, and the reaction mixture was stirred at 
the same temperature for 30 minutes, after which the solvent was removed by distillation under reduced pres- 

30 sure. The resulting residue was worked up and purified in a similar manner to that described in step 54(a)(ii), 
to give 0.42 g of the title compound, as a powder. The infrared absorption spectrum and nuclear magnetic res- 
onance spectrum of the product were identical with those of the compound obtained as described in step 
54(a)(ii) above. 

35 54(a) (iii) (2S,4S)-4-Acetylmio-2-[4-(2-hydroxyemyl)-1-pip^ 
rolidine 

685 mg of potassium thioacetate were added to a solution of 2.0 g of (2S,4R)-2-[4-(2-hydroxyethyl)-1-pi- 
perazinylcart>onyl]-4-memanesulphony1oxy-1-(4-nitro^ [prepared as described in 

40 step 54(a)(ii), 54(a)(ii') and 54(a)(iP") above] in 20 ml of dry acetonitrile, and the resulting mixture was stirred 
at80°Cfor5 hours. At the end of this time, the reaction mixture was concentrated by evaporation under reduced 
pressure, the residue was dOuted with 200 ml of ethyl acetate, and the dilute solution was washed with an aqu- 
eous solution of sodium chloride; it was then dried over anhydrous magnesium sulphate. The solvent was re- 
moved by distillation under reduced pressure, and the residue was purified by column chromatography through 
45 silica gel, using a gradient elution method with mixtures of ethyl acetate and methanol ranging from 9 : 1 to 4 : 
1 by volume as the eluent, to give 1 .35 g of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), v^c cnr 1 : 

3437, 1710, 1652, 1522, 1345, 1113. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 5 ppm: 
so 1 .82 - 1 .98 (1 H, multiplet); 

2.34 (3H, singlet); 
2.31 - 2.88 (8H, multiplet); 
3.40 - 4.21 (9H, multiplet); 
4.65 - 4.78 (1 H, multiplet); 
55 &03^ 5.66 (2H, multiplet); — - 

7.45 & 7.51 (together 2H, tw doublets, J = 8.79 Hz); 
8.17- 8.24 (2H, multiplet). 
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54(a) Qv) (2S,4S)-2^4-(2-Hydroxyethy1)-1-pipei^ 
rolidine 

A sodium methoxide solution (prepared by adding 56 mg of metallic sodium to 2.4 ml of methanol) was 
5 added to a solution of 1 .06 g of (2S,4S>4-ac»tythk>-2^4-(2-hydroxyethyi)-^ 

cart>onyf)pyrroltdine [prepared as described in step 54(a)(iii) above] in 10 ml of methanol, and the resulting mix- 
ture was stirred at 1 5°C for 30 minutes. 61 0 \ii of a 4N solution of hydrogen chloride in ethyl acetate were then 
added to the mixture at the same temperature, after which the mixture was stirred for 1 0 minutes. The reaction 
mixture was then concentrated by evaporation under reduced pressure, and the residue was purified by column 
10 chromatography through silica gel, using a 4 : 1 by volume mixture of ethyl acetate and methanol as the eluent, 
to give 71 0 mg of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), v^ cnr 1 : 

3430, 2944, 1700, 1647, 1521, 1439, 1350. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 5 ppm: 
15 1 .81 - 1 .98 (2H, multiplet); 

2.28 - 2.84 (8H, multiplet); 
3.20 - 3.82 (8H, multiplet); 
4.04-4.20 (1H, multiplet); 
4.60-4.77 (1H, multiplet); 
20 5.01 - 5.38 (2H, multiplet); 

7.45 & 7.51 (together 2H, two doublets, J = 8.79 Hz); 
8.15-8.25 (2H, multiplet). 

54(a) (iv*) (2S t 4S)-2-[4-(2-Hydroxyethyl>1-piperazlnylcart^ 
25 nyi)pyr rolidine 

40 ml of a 1 0 % w/v methanol ic solution of hydrogen chloride were added to a solution of 1 .0 g of (2S.4S)- 
4-acetylthio-2-[4-(2-hydroxyethylH-pipei^ in 10 ml of 1.4-diox- 

ane, and the resulting mixture was stirred at 50°C for 1 hour. At the end of this time, the solvent was removed 

30 by distillation under reduced pressure, and the residue was mixed with 40 ml of tetrahydrofuran and 2 ml of a 
saturated aqueous solution of sodium hydrogencarbonate; it was then dried over anhydrous sodium sulphat . 
The solvent was removed by distillation under reduced pressure, and the residue was purified by column chro- 
matography through silica gel in a similar manner to that described in step 54(a)(iv) above, to give 712 mg of 
the title compound, as a powder. The infrared absorption spectrum and nuclear magnetic resonance spectrum 

35 of the product were identical with those of the compound obtained as described in step 54(a) (iv) above. 

54(b) (i) (2S,4S)-2-[4-(2-Hydroxyethy»)-1-piperazinyl(arbonyl]-4-mercapto-1-(4-nitro 
rolidine bis(trifluoromethanesulfonate) 

40 2.8 ml of trifluoroacetic acid and 91 uf of trifluoromethanesulphonic acid were added, whilst ice-cooling, 

to a solution of 288 mg of (2S,4S)-2^(2-hydroxyethylH-piperBzinytca^ 

nitrobenzytoxycarbonyl)pyrrolidine in 580 u.1 of anisole, and the resulting mixture was stirred at room temper- 
ature for 1 hour. At the end of this time, the solvent was removed by distillation under reduced pressure, and 
the resulting residue was washed with diethyl ether by decantation and dried in vacuo , to give 380 mg of the 
45 title compound, as a powder. 

Infrared Absorption Spectrum (KBr), Vnwx cnr 1 - 

1795, 1705, 1666, 1609, 1525, 1442, 1408, 1348, 1281, 1226. 1169. 
Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0) 5 ppm: 
1.54-1.63 (1H, multiplet); 
so 2.61 - 2.72 (1 H, multiplet); 

2.90 - 4.46 (14H, multiplet); 
4.64 - 4.96 (2H, multiplet); 
5.08 (2H, singlet); 
7.42 (2H. doublet J = 8.79 Hz); 
55 ~ 8.06* 8.10 (tog ther2H, tw d ubtets, J = 8.79 Hz). 
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54(b) (il) (2S,4S)-2-[4-(2-HydroxyethylV1-pi^ xycarbonyi) pyr- 

rolidine 

A solution of 266 mg of (2S,4S)-2-[4-(2-hydraxyeth^ 

5 loxycarbonyi)pyrrolidine bis(trifluoromethanesulphonate) [prepared as described in step 54(b)(1) above] in a 
mixture of 5 ml of tetrahydrofuran and 0.2 ml of water was neutralised by adding 76 mg of sodium hydrogen- 
carbonate, after which it was dried over anhydrous magnesium sulphate. The solvent was then removed by 
distillation under reduced pressure, and the resulting residue was purified by column chromatography through 
silica gel, using a 4 : 1 by volume mixture of ethyl acetate and methanol as the eluent, to give 188 mg of the 

10 title compound, as a powder. The infrared absorption spectrum and nuclear magnetic resonance spectrum of 
the product were identical with those of the compound obtained as described in step 54(a) (iv) above. 

PREPARATION 55 

is (2S,4S)-4-Mercapto-2-(4~nitrobenzylox^ trifluorometha- 
nesutfonate 

55(l) (2S,4S)-4-(4-Methoxybenzy1thlo)-2-(4-ni^ 
dine 

20 

1 6.6 g of N.N'-carbonyldiimidazoie were added to a suspension of 24 g of (2S,4S)-2-carboxy-4-(4-methox- 
ybenzyithio)-1-methylpyrrolidine in 200 ml of dry acetonitrile, and the resulting mixture was stirred at 35°C for 
40 minutes. A solution of 14.7 g of dry piperazine was then added dropwise to the mixture at a temperature of 
between 30°C and 35°C, after which the mixture was stirred at room temperature for 30 minutes. A solution of 
25 36.8 g of 4-nitrobenzyloxycarbonyl chloride in 100 ml of acetonitrile was then added, whilst ice-cooling, to th 
reaction mixture, and the mixture thus obtained was stirred at room temperature for 1 hour. At the end of this 
time, the mixture was concentrated by evaporation under reduced pressure, and the residue was mixed with 
an aqueous solution of sodium chloride and a 10% aqueous solution of sodium carbonate. The resulting mixture 
was extracted with ethyl acetate. The extract was washed with an aqueous solution of sodium chloride and 
30 dried over anhydrous magnesium sulphate. The solvent was removed by distillation under reduced pressure, 
and the residue was purified by column chromatography through silica gel, using a 9 : 1 by volume mixture of 
ethyl acetate and methanol as the eluent, to afford 27.7 g of the title compound. 
Infrared Absorption Spectrum (liquid film), cm- 1 : 
1706, 1648, 1513, 1435, 1347, 1248, 1232. 
35 Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), & ppm: 

1.74-1.89 (1H, multiplet); 
2.32 (3H, multiplet); 
2.40 - 2.62 (2H, multiplet); 
2.99 - 3.21 (3H, multiplet); 
40 3:31 - 4.20 (8H, multiplet); 

3.70 (2H, singlet); 
3.80 (3H ( singlet); 
5.24 (2H t singlet); 
6.84 (2H, doublet J = 8.79 Hz); 
45 7.20 (2H, doublet, J = 8.79 Hz); 

7.52 (2H, doublet, J = 8.79 Hz); 
8.23 (2H, doublet, J = 8.79 Hz). 

55(ii) (2S,4S)-4-Meirapto-2-(4-nitrobenzyloxycaroonyl-1-p^ trifluoro- 
so methanesulfonate 

130 ml of trifluoroacetic acid and 4.6 ml of trifluoromethanesulphonlc acid were added dropwise to a sol- 
ution of 13.8 g of (2S,4S)^4-methoxybenzylthfo)-2(4-nitroben 

thylpyrrolidine [prepared as described in step (i) above] in 28.3 mi of anisole, and th resulting mixtur was 
55 stirred for 30 minutes, whilst ice-cooling. At the end~of this time, the reaction mixture was concentrated by vap- 
oration under reduced pressure, and the resulting residue was washed with hexan and ether, in that order, 
by decantation to give 13.9 g of the titt compound as a powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 
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1695, 1643, 1518, 1446, 1345, 1251. 
Nuclear Magnetic Resonance Spectrum (270 MHz, hexadeuterated dimethyl sulphoxide) 6 ppm: 
1.74-1.89 (1H, multiplet); 
2.81 & 2.82 (together 3H, tw singlets); 
2.92-3.08 (1H, multiplet); 
3. 17(1 H, singlet); 
3.31 - 3.80 (12H, multiplet); 
4.58 - 4.72 (1H, multiplet); 
5.26 (2H, singlet); 
7.65 (2H, doublet J = 8.79 Hz); 
8.24 (2H, doublet, J * 8.79 Hz). 

PREPARATION 56 

(2S,4S)-4-Meitapto-2-[4-(4-nitrobenzyloxycartoonylm 
nyQpyrrolidine bis(trifluoromethanesulfonate) 

8.0 ml of trtfluoroacetic acid and 160 u,l of trifluoromethanesul phonic acid were added, whilst ice-cooling, 
to a suspension of 1120 mg of (2^4S)^^4-methoxybenzyithto)-2-[4-(4-nitrobenzyloxy<»fbonyfmethyl)-1-p^ 
pera^necarbonyl}-1-(4-nitrobenzyloxycarbonyl)pyrrolidine in 1.75 ml of anisole, and the resulting mixture was 
stirred at room temperature for 1 .5 hours. At the end of this time, the solvent was removed by distillation under 
reduced pressure, and the resulting residue was repeatedly washed with diethyl ether by decantation and dried 
in vacuo , to afford 1.58 g of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1756, 1704, 1667, 1523, 1441, 1348. 
Nuclear Magnetic Resonance Spectrum (270 MHz, hexadeuterated dimethyl sulphoxide) 5 ppm: 
1.60-1.76 (1H, multiplet); 
2.70-2.85 (1H, multiplet); 
3.08 - 3.42 (9H, multiplet); 
3.65 - 3.83 (3H, multiplet); 

3.94 & 4.05 (together 1H, two doublets of doublets, J = 9.8 & 6.8 Hz); 
4.72 & 4.81 (1H, two triplets, J = 8.1 Hz); 
5.05 - 5.26 (2H, multiplet); 
5.42 & 5.43 (2H, two singlets); 

7.52, 7.64, 7.69 & 7.70 (together 4H, four doublets, J = 8.8 Hz). 
8.23, 8.24 & 8.28 (together 4H, 3 doublets, J = 8.8 Hz). 

PREPARATION 57 

(2R,4S)-4-Meirapto-2-{4-[2-(4-nitrobenzyloxycarbonyt)ox^^ 
carbonyQpyrrolidine 

57(i) (2R,4R)-4-Hydroxy-2-{4-[2-(4-nttrobenzyloxycart)onyl)o 
loxycarbonyQpyrrolidine 

3.34 ml of diethyl cyanophosphate and 8.92 ml of triethyiamine were added, whilst ice-cooling, to a sus- 
pension of 6.2 g of cis-4-hydroxy-1-(4-nitrobenzyloxycarfaony1)-D-Proline and 8.41 g of 1-[2-{4-nrtrobenzyiox- 
ycarbonyloxy)ethyl]piperazine dihydrochloride in 62 ml of dry dimethytformamide, and the resulting mixture was 
stirred at the same temperature for 30 minutes. At the end of this time, the reaction mixture was diluted with 
250 ml of ethyl acetate, and the dilute solution was washed with water and then dried over anhydrous magne- 
sium sulphate. The mixture was concentrated by evaporation under reduced pressure, and the resulting residue 
was purified by column chromatography through silica gel, using a 4 : 1 by volume mixture of ethyl acetate and 
methanol as the eluent, to give 7.84 g of the titl compound, as an oil. 
Infrared Absorption Spectrum (liquid film), cm- 1 : 

1748, 1710, 1658, 1624, 1608, 1522r1439, 1403. 1347, 1262. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 6 ppm: 
1.98-2.80 (9H, multiplet); 
3.37 - 3.90 (6H, multiplet); 
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4.22 - 4.46 (3H, multiplet); 
4.60 - 5.60 (5H V multiptet); 
7.42 - 7.57 (4H, multiplet); 
8.17- 8.26 (4H, multiptet). 

5 

57(ii) (2R.4S)^Acety1thio-2-{4^2-(4-nitrobenzy1oxyra 
zyloxycarbonyl)pyrrolidine 

A solution of 0.73 g of diethyl azodicarboxylate in 2 ml of tetrahydrofuran was added dropwlse, whHst ice- 
to cooling, to a solution of 2.1 g of (2^4R>-4-hydroxy-2^4-[2-(4-nitrobenz^ 

carbonyt}-1-(4-nitrobenzyloxy<»it)ony1)pyrrolidine [prepared as described in step (i) above] and 1.1 g of triphe— 
nyiphosphine in 14 ml of tetrahydrofuran, and the resulting mixture was stirred at the same temperature for 10 
minutes. A solution of 0.32 g of mercaptoacetic acid in 2 ml of tetrahydrofuran was then added dropwlse to the 
mixture, and the mixture was stirred at room temperature for 1 hour. At the end of this time, the solvent was 
15 removed by distillation under reduced pressure, and the resulting residue was purified by column chromatog- 
raphy through silica gel, using a 20 : 1 by volume mixture of ethyl acetate and methanol as the eluent, to give 
1.2 g of (2R f 4S)-4-a<^tylthiCK2-{4-[2-(4-ni^ 
benzyloxycarbonyQpyrrolidine as a colourless powder. 

Infrared Absorption Spectrum (liquid film), cm- 1 : 
20 1748, 1709, 1654, 1607, 1522, 1439, 1404, 1347, 1263, 1122. 

Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), S ppm: 
2.15 - 2.80 (8H, multiplet); 

2.34 (3H. singlet); 

3.35 - 3.76 (5H, multiplet); 
25 3.91 - 4.40 (4H, multiplet); 

4.68-4.81 (1H, multiplet); 
5.03 - 5.35 (4H, multiplet); 
7.26 - 7.57 (4H, multiplet); 
8.19 -8.26 (4H, multiplet). 

30 

57(iii) (2R,4S)-4-MeKapto-2-{4-[2-(4-nitrobenzylo 
zyioxycarbonyl) pyrrolidine 

40 ml of a 10% w/v methanolic solution of hydrogen chloride were added to a solution of 1.0 g of (2R.4S)- 
35 4-acetylthio-2-{4-[2-(4-nitrobenz^ 

pyrrolidine [prepared as described in step (ii) above] in 10 ml of 1,4-dioxane, and the resulting mixture was 
stirred at 50°C to 52°C for 1 hour. At the end of this time, the reaction mixture was concentrated by evaporation 
under reduced pressure, and the concentrate was diluted with 100 ml of ethyl acetate. The dilute solution was 
neutralised with a saturated aqueous solution of sodium hydrogencarbonate and washed, in turn, with 30 ml 
40 of water and with 30 ml of an aqueous solution of sodium chloride. The solvent was removed by distillation under 
reduced pressure, and the resulting residue was purified by column chromatography through slfca gel, using 
a 20 : 1 by volume mixture of ethyl acetate and methanol as the eluent, to give 566 mg of the title compound, 
as a colourless powder. 

Infrared Absorption Spectrum (liquid film), cnrr 1 : 
45 1748, 1709, 1653, 1607. 1521. 1439, 1404, 1346, 1263. 

Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 5 ppm: 

1.74 (1H. doublet. J = 7.32 Hz); 
2.07 - 2.86 (8H, multiplet); 
3.39 - 3.80 (6H, multiplet); 

so 4.04 - 4.46 (3H V multiplet); 

4.75 - 4.85 (1H, multiplet); 
5.03 - 5.35 (4H, multiplet); 
7.42 - 7.58 (4H, multiplet); 
8.17 - 8.26 (4H, multiptet). 
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PREPARATION 58 

(2R,4RH-Men»pto-2-{4-[2-(4-nitrobenzyloxy<a 
carbonyQpyrrolidine 

5 

58(i) (2R,4S)-4-Formy1oxy-2-{4-[2-(4-nitrobenzyloxycaito -(4-nitroben- 
zyloxy carbonyQpyrrolidine 

A solution of 1.31 g of diethyl azodicarboxyiate in 5 ml of tetrahydrofuran was added dropwise. whOst ice- 
to cooling, to a solution of 3.0 g of (2R,4R)^hydroxy-2^4-[2-(4-nltrobe 

cartx>nyi}-1^4-nitrobenzy1oxycart)onyi)pyrrdkjine [prepared as described in Preparation 57(i)] and-1.97 g of- 
triphenyfphosphine in 25 mi of tetrahydrofuran, and the resulting mixture was stirred at the same temperature 
for 10 minutes. 283 \il of formic acid were then added dropwise to the mixture, and the mixture was stirred at 
the same temperature for5 minutes and at room temperature for 1 hour. At the end of this time, the solvent 
15 was removed by distillation under reduced pressure, and the resulting residue was purified by column chro- 
matography through silica gel, using a 20 : 1 by volume mixture of ethyl acetate and methanol as the eluent, 
to give 1.42 g of the title compound, as a colourless powder. 
Infrared Absorption Spectrum (KBr), v^t car 1 : 

1749, 1720, 1654, 1606, 1522, 1439, 1405, 1347, 1262. 
20 Nuclear Magnetic Resonance Spectrum (CDC? 3 , 270 MHz), 8 ppm: 

2.20 - 2.95 (8H, multiplet); 
3.35 - 3.95 (6H, multiplet); 
4.15- 4.55 (2H, multiplet); 

4.79 & 4.85 (together 1H, two triplets, J = 7.81 Hz); 
25 5.05 - 5.37 (4H, multiplet); 

5.43 - 5.50 (1 H, multiplet); 

7.44 - 7.57 (4H, multiplet); 
8.02 (1H, singlet); 
8.19- 8.26 (4H, multiplet). 

30 

58(ii) (2R,4S)-4-Hydroxy-2-{4-P-(4-nitrobenzyloxycart 
loxycarbonyl)pyrrolidine 



28 ml of a 10% w/v methanol ic solution of hydrogen chloride were added dropwise to a solution of 1.42 g 
35 of (2R,4S)-4-fbrmyloxy-2-{4-[2-(4-nitrobenzyloxyra 

loxycarbonyl)pyrrolidine [prepared as described in step (i) above] in 14 ml of 1,4-dioxane, and the resulting 
mixture was stirred at room temperature for 1 hour. At the end of this time, the solvent was removed by distil- 
lation under reduced pressure, and the resulting residue was mixed with water. The aqueous mixture thus ob- 
tained was made alkaline by the addition of a saturated aqueous solution of sodium hydrogencarbonate, and 
40 then the mixture was extracted with ethyl acetate. The extract was washed with an aqueous solution of sodium 
chloride and dried over anhydrous magnesium sulphate. The solvent was removed by distillation under reduced 
pressure, and the residue was purified by column chromatography through silica gel, using a 9 : 1 by volume 
mixture of ethyl acetate and methanol as the eluent to give 1 .33 g of the title compound, as a colourless powder. 
Infrared Absorption Spectrum (KBr), cmr 1 : 
45 1750, 1709, 1648, 1608, 1522, 1439, 1406, 1347, 1263. 

Nuclear Magnetic Resonance Spectrum (270 MHz, CDCl 3 + D 2 0) 5 ppm: 
2.04 - 2.80 (8H, multiplet); 
3.38 - 3.82 (6H, multiplet); 
4.24 - 4.38 (2H, multiplet); 
so 4.50 - 4.64 (1 H, multiplet); 

4.70-4.90 (1H, multiplet); 
5.30 - 5.34 (4H, multiplet); 
7.43 - 7.57 (4H, multiplet); 
8. 1 7 - 8.25 (4H, multiplet). 

55 
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Nud ar Magnetic Resonance Spectrum (COCf 3 , 270 MHz), 6 ppm: 
1.12- 1.38 (3H, multiplet); 
1.75- 2.1 0(2H, multiplet); 
2.12 - 2.38 (3H, multiplet); 
2.55 - 3.93 (8H V multiplet); 
4.01 - 4.89 (4H, multiplet); 
5.04 - 5.30 (4H V multiplet); 
7.42 - 7.59 (4H, multiplet); 
8.17 - 8.23 (4H V multiplet). 

PREPARATION 60 - 

(2S.4S)-4-Mercapto-2-[(2S)-4-(N-4-nitrobenzy1o^ piperazin- 1 -ylcarbonyl}- 1 - 

(4-nttrobenzy1oxycart)onyt) pyrrolidine trifluoromethanesulfonate 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 O f 270 MHz), 5 ppm: 

1.10- 1.40 (3H V multiplet); 

1.62-1.78 (1H, multiplet); 

2.60 - 3.40 (8H, multiplet); 

3.91 - 4.08 (2H. multiplet); 

4.58-4.81 (1H, multiplet); 

5.06 - 5.27 (2H, multiplet); 

5.36 (2H, singlet); 

7.53 - 7.70 (4H, multiplet); 

8.19 - 8.28 (4H, multiplet); 

8.89 (1H, singlet). 
Infrared Absorption Spectrum (KBr), cor 1 : 

1785. 1695, 1609, 1523, 1442, 1349, 1283, 1246, 1031. 

PREPARATION 61 

(2S,4S)^Mercapto-1-mefryl-2-[(3S)-3-(N-4^ 
nyl]pyrrolidine 

Infrared Absorption Spectrum (KBr), crrr 1 : 
1522, 1348, 858, 740. 

Nuclear Magnetic Resonance Spectrum (270 MHz, D 2 0, using sodium tetradeuterated trimethylsilyi pro- 
pionate as an internal standard), 5 ppm: 
1.70-2.00 (3H, multiplet); 
2.00 - 2.25 (3H, multiplet); 
2.30 - 3.95 (13H, multiplet); 
3.95 - 4.07 (1 H, multiplet); 
4.30 - 4.50 (1 H, multiplet); 
7.62 (2H, doublet J = 8.79 Hz); 
8.23 (2H, doublet, J = 8.79. Hz). 

PREPARATION 62 

(2S,4S)^Merraptc^2-[3-(N-4-nitrobenzyl^ 
benzyloxycarbonyl)pyrrolidlne 

Infrared Absorption Spectrum (KBr), crrr 1 : 

1705, 1650, 1600, 1550, 1520. 1440, 1340, 1205. 
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58(ifl) (2R,4R)^Acetylthio-2^4-g^4-nitro 
zyloxycart>ony1)pyrroiidine 

A solution of 421 mg of diethyl azodicarboxylate in 1 .2 ml of tetrahydrofuran was added dropwise, whilst 
ice-cooling, to a solution of 1.21 g of (2F^4S)^hydroxy-2^4-[2-(4-nitroben 

azinylcarbonyi}-1-(4-nitrobenzyloxycarbonyl)pyrrolidine and 634 mg of triphenylphosphine in 8 ml of tetrahy- 
drofuran, and the resulting mixture was stirred at the same temperature for 10 minutes. 171 \ii of mercaptoa- 
cetic acid were then added dropwise to the mixture, and the mixture was stirred at room temperature for 1 hour. 
Following the same procedure as described in Preparaation 57(ii), the reaction mixture was worked up and 
purified, to give 1.04 g of the title compound, as a colourless powder. 

Infrared Absorption Spectrum (KBr), Vm„ cnrr 1 : — 

1750, 1712, 1656, 1607, 1522. 1496, 1438, 1404, 1347, 1263, 1207. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), S ppm: 

1 .82 ^ 1 .93 (1 H, multiplet); 

2.34 (3H, singlet); 

2.30 - 2.82 (7H, multiplet); 

3.36 - 3.72 (5H; multiplet); 

3.90- 4.16 (2H, multiplet); 

4.24-4.31 (1H, multiplet); 

4.67 & 4.74 (together 1 H, two triplets, J = 7.81 Hz); 
5.03 - 5.35 (4H, multiplet); 
7.43 - 7.57 (4H, multiplet); 
8.17- 8.25 (4H. multiplet). 

58(iv) (2R,4R)-1-MeraptCh2^4-[2-(4-nitrobenzy^ 
zyloxycarbonyl)pyrrolidine 

40 ml of a 1 0% w/v methanolic solution of hydrogen chloride were added to a solution of 1 .0 g of (2R.4R)- 
4-acetylthio-2-{4-[2-(4-nitrobenzy1oxyra^ 

pyrrolidine [prepared as described in step (iii) above] in 10 ml of 1,4-dioxane, and the resulting mixture was 
stirred at between 50°C and 52°C for 1 hour. Following the same procedure as described in Preparation 57(iii), 
the reaction mixture was worked up and purified, to afford 648 mg of the title compound, as a colourless powder. 
Infrared Absorption Spectrum (KBr), cnrr 1 : 

1749, 1710, 1653. 1607, 1522, 1496, 1439, 1404, 1346, 1263, 1206. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 5 ppm: 

1.82- 1.96 (2H, multiplet); 

2.30 - 2.91 (7H, multiplet); 

3.18 - 3.78 (6H, multiplet); 

4.05 - 4.46 (3H, multiplet); 

4.63 & 4.68 (together 1 H, two triplets, J = 7.81 Hz); 
5.03 - 5.33 (4H f multiplet); 
7.43 - 7.57 (4H, multiplet); 
8.17 - 8.26 (4H, multiplet). 

PREPARATIONS 59 TO 88 

The mercaptans shown in Preparations 59 to 88 were prepared in a similar manner to that described in 
Preparations 1, 49 and 66, but using (2S,4S)^(4-methoxybenzyithto)-1-(4-nito 

lidinecarboxytic acid, (2S^,4S)-2-cart>oxy-4-(4-methoxybenzy1thio)-1^ethy1pyrrolidine and (2S,4S)-1 ^t-butox- 
ycart)ony1)^4-methoxybenzylthto)-2-pyrrolidinec^oxylic acid as starting materials. 

PREPARATION 59 

(2S.4S)^Merapto-2-[(2S)^(N-4-nitrobenzy^ yl)-2-methyi plperazin- 1 -yl carbonyl- 1 -(4- 

nitrobenzyloxycarbonyj)pyrrotidin 

Infrared Absorption Spectrum (Liquid film), cnr 1 : 

1709, 1656, 1606, 1569, 1520, 1430, 1346, 1252. 
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PREPARATION 63 

(2S,4S)^Meirapto-1-methyl-2-[4^N^nitrobe )pip ridln-l-ylcarbonyl]- 

pyrroiidine 

Infrared Absorption Spectrum (KBr), cnr 1 : 
1710, 1520, 1345, 1210. 

PREPARATION 64 

(2S,4S)-4-Merc»pto-1-methyl-2-[4^N-4-nitrobenzy1^ 
dine bis(trifluoromethanesulfonate), 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 0, 270 MHz), 5 ppm: 
1.79-1.91 (1H, multiplet); 
2.83 (3H, singlet); 
2.96 - 3.07 (1H, multiplet); 
3.10 - 3.28 (4H, multiplet); 
3.47 - 3.85 (7H, multiplet); 
4.61 (1H, triplet J - 9.4 Hz); 
5.36 (2H, singlet); 
7.68 (2H, doublet, J = 8.8 Hz); 
8.26 (2H, doublet, J = 8.8 Hz); 

8.89 (1H, singlet). 

PREPARATION 65 

(2S,4S)-4-Meirapto-2-[(2S)^(N-4-nito 
methyl-pyrrolidine 

PREPARATION 66 

(2S,4S)-4-Merrapto-2-[4-(4-nifrobenzyloxycarb^ 
cetimidoyQpyrrolidine 

(2S,4S)-1-(t-Butoxyrarbonyi}^(4^etto 
nyl]pyrrolidine was prepared from (2S,4S)-1 -(t-butoxycart>onyl)^(4-methoxybenzy!thio)pyrrolidine-2-<^irt>ox- 
ylic acid, N.N'-carbonyldiimidazoie and 4-(4-nitrobenzyloxycarbonyl)piperazine. This compound was th n 
treated with a 4N solution of hydrogen chloride in ethyl acetate and the product was then subjected to similar 
reactions to those described in Preparations 1a and 17(iii). to give the title compound, melting at 181.5°C. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 6 ppm: 
1.93 (1H, doublet, J = 9.2 Hz); 

1.90 - 2.02 (1H, multiplet); 
2.33 (3H, singlet); 
2.61-2.72 (1H, multiplet);. 
3.08 - 3.88 (9H; multiplet); 

4.03 (2H, doublet of doublets, J = 10.6 6 7.3 Hz); 
4.89 (1H. triplet J = 7.3 Hz); 
5.06 - 5.31 (4H, multiplet); 
7.43 - 7.52 (4H, multiplet); 
8.12 - 8.26 (4H, multiplet). 

PREPARATION 67 

(2S,4S)-4"mercapto?2T[4-(^bnitrobenzyl xycarb ny1)piperazin=J-ylcart)onylH-(N-4-nitobenz 
formimidoyl)pyrrolidine trifluoromethanesulfonate 

Infrared Absorption Spectrum (KBr), cnr 1 : 
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1783, 1693, 1660, 1608, 1523, 1465, 1441, 1349, 1256, 1228. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 O f 270 MHz), 6 ppm: 
1.67-1.79 (1H, multiplet); 
2.82 - 2.92 (1H, multiplet); 
3.02 - 3.10 (1H, multiplet); 
3.40 - 3.80 (10H, multiplet); 
4.62 (1H. triplet, J = 8.30 Hz); 
5.26 (2H, singlet); 
5.36 (2H, singlet); 
7.65 (2H, doublet, J = 8.79 Hz); 
7.68 (2H, doublet, J = 8.79 Hz); 

8.25 (2H, doublet, J = 8.79 Hz); 

8.26 (2H, doublet, J = 8.79 Hz); 
8.89 (1H, singlet). 

PREPARATION 68 

(2S,4S)-4-Mercapto-1-(N-4-nitrobenzyloxyc^ 
doyl)piperazin-1-ylcarbonyllpyrroiidine 

Infrared Absorption Spectrum (KBr), cnrr 1 : 

1782, 1705, 1635, 1522, 1440, 1348, 1280, 1250, 1225. 

PREPARATION 69 

(2S,4S)^Men»pto-1-(N-4-nitrobenzyloxyrart>ony1^ 
doyi)piperazin-1-ylcarbonyl]pyrrolidine 

PREPARATION 70 

(2S,4S)-4-Mercapto-1-(N-4-nifrobenzyloxycarbonytfo^ 
doyt)piperazin-1-ylcarbonyl]pyrrplidine 

PREPARATION 71 

(2S,4S)^Merapto-1-(N^nitrobenzyioxycart>onylform 
doyQ pi perazin-1 -ylcarbonyflpyrrol id i ne 

PREPARATION 72 

(2S,4S)-4-Merrapto-1-(N-4-nitrobenzyloxyc^ 
midoylamino)pyrroiidin-1-ylcafbonyilpyrroiidine 

Infrared Absorption Spectrum (KBr), cnrr 1 : 
1710, 1645, 1522, 1445, 1347. 

PREPARATION 73 

(2S,4S)^Mercapto-1-(N^nifrobenzyloxycarbonylacetim^ 
midoytamino)pyrrolidin-1-ylcarbonyl]pyrroHdine 

PREPARATION 74 

(2S,4S)-4-Metrapto-1-(hM-nitrobenzy1oxyrart^ 

n )pyrrolidin-1-yicarbonyl]pyyrolidine — - 

Infrared Absorpti n Spectrum (KBr), cnrr 1 : 
1708, 1646, 1525, 1442, 1348. 
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PREPARATION 75 

(2S,4S)^Mefrapto-1-(N^nitrobenzy<o 
midoylamino)pyrrolidir>-1-ylcarb nyflpyrrolidine 

PREPARATION 76 

(2S,4S)^Mercaptc>-1-(N^nitrobenzy1oxyca^ 
midoylamino)pyrrolidin-1-y1cart>ony11pyrrolidine 

PREPARATION 77 

(2S,4S>^Mercapto-1-(N^nitrobenzyioxycarbonylformimidoyl)-2-K 
no)pyrrolidin-1-ylcarbonyllpyrrolidine 

PREPARATION 78 

(2S,4S)^Mercapto-1-(N^nitrobenzytox^ 
zirHl-yicarbony1]pyrrolidine 

PREPARATION 79 

(2S,4S)^Meirapt(>-1-(N^nitroben;^oxycarbon^ 
doyl)homopiperazin-1-yicarbonyl]pyrrDlidine 

PREPARATION 80 

(2S t 4S)^Mercapto-1-(NM-nitrobenzyioxycaii)ony1formlmidoyi)-2 
zin-1-ylcarbonyllpyrrolidine 

PREPARATION 81 

(2S,4S)^Mercapto-1-(N^nitrobenzyloxy^ 
doyl)homopiperazin-1-yicarbony1]pyrrolidine 

PREPARATION 82 

(2S.4S)^Meirapto-2^(3SV3-[N-methyt-N-(N^ni^ 
bonyl}-1 -(4-nitrobenzyloxycarbony1)pyrrolidine 

PREPARATION 83 

(2S,4S)^Mercapto-2-[2-(4-nitroberizyloxycar^^ 
carbonyl}-1-(4^nitrobenzyloxycarbonyl)pyrrolidine 

PREPARATION 84 

(2S t 4S)^Meirapto-2-[4-(N^nitrobenzylo 
pipei^rh1-y1(arbony1l-1-(4"nttrobenzyto^cart)ony1)pyrrolidine 

PREPARATION 85 

{2S ! 4S£-4JMarcap^^ 

bonyq-1-(4-nitrobenzyloxycart)ony1)pyrrolldine 
PREPARATION 86 



158 



EP 0 518 558 A1 



(2S f 4S)^Menaptc>-2-[4-(N^nitrota 

perazin-1 -ylcarbonyl}- 1 -(4-nltrobenzytoxycartx)nyt)pyrrDjidine 

PREPARATION 87 

5 

(2S,4S)^Mercapto-HN-4-nitrobenzyloxy^ 
lamino)piperidirv1-ylcarbonyl]pyrrolidine 

PREPARATION 88 

10 

(2S,4S)^Mercapto-1-methyl-2-[4-(N^-nitrote 
rolidine 

PREPARATION 89 

15 

(2S,4S)-4-(Methoxybenzy1thioH-(4-nitrober^ add 

89(1) (2S,4S)-4-(4-Methoxybenzytthio)-2-pyrrolidinecarfaoxytic acid 

20 A solution of 4.0 g of (2^4^2-carbamoy1-4-(4-methoxybenzy1thio)-2- pyrrolidine hydrochloride dissolved 

in 40 ml of 2N aqueous hydrochloric acid was stirred in an oil bath kept at 95 - 11 0°C for 1 .5 hours. At the end 
of this time, the reaction mixture was cooled to room temperature, and its pH was adjusted to a value of from 
4 to 6 by the addition of about 40 ml of a 2N aqueous solution of sodium hydroxide, whilst stirring. The crystals 
which precipitated were collected by filtration, washed with water and subjected to air-drying, to give 3.25 g of 
25 the title compound, melting at 1 98 - 200°C. 

Nuclear Magnetic Resonance Spectrum (270 MHz, hexadeuterated dimethyl sulphoxide) 6 ppm: 
1.69 (1H, doublet of triplets, J = 13.2 & 8.3 Hz); 
2.44 (1H, doublet of triplets, J = 13.2 & 6.8 Hz); 
2.90 (1H, doublet of doublets, J = 11.2 & 7.8 Hz); 
30 3.15 - 3.60 (4H, multiplet); 

3.66 (1H, triplet, J = 8.3 Hz); 

3.73 (3H, singlet); 

3.74 (2H, singlet); 

6.88 (2H, doublet, J = 8.8 Hz); 
35 7.25 (2H, doublet, J = 8.8 Hz). 

Infrared Absorption Spectrum (KBr), crrr 1 : 
1610, 1576, 1511, 1445, 1376, 1243. 

89(ii) (2S,4S)-4-(4-Methoxybenzyimio)-1-(4-nitrobenzyloxycartx)nyl> acid 

40 

A suspension of 1 .87 g of (2S,4S)-4-(4-methoxybenzylthio)-2-pyrrolidinecarboxyllc acid [prepared as de- 
scribed in step (i) above] in 80 ml of a 1 : 1 by volume mixture of tetrahydrofuran and water was transformed 
to a homogeneous solution by adding 7 ml of a 1N aqueous solution of sodium hydroxide. The solution was 
ice-cooled and stirred, and, little by little, a solution of 1510 mg of 4-nitrobenzyloxycarbon yl chloride in 10 ml 
45 of tetrahydrofuran and 7ml of a 1N aqueous solution of sodium hydroxide were simultaneously added dropwise. 
The resulting mixture was stirred at the same temperature for 10 minutes. At the end of this time, the reaction 
mixture was freed from tetrahydrofuran by distillation under reduced pressure, and its pH was adjusted to a 
value of between 2 and 3 by the addition of 1 N aqueous hydrochloric acid. The crystals which precipitated were 
collected by filtration, washed well with water and subjected to air-drying. The crystals were further washed 
so with a small amount of diethyl ether and dried, to give 2.42 g of the title compound, melting at 96 - 98°C. 
Infrared Absorption Spectrum (KBr), Vm crrr 1 : 

3000, 1746, 1673, 1511, 1341, 1178. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), • ppm: 
2.03 - 2.18 (1H, multiplet); 

55 2.52- 2.68 (1H, multiplet); 

3.08 - 3.22 (1H f multiplet); 
3.27- 3.42 (1H,multipl t); 
3.72 (2H. singlet); 



159 



EP 0 518 558 A1 



3.79 (3H, singlet); 

3.77 - 3.98 (1 H, multiplet); 

4.38 (1H ( triplet. J = 7.3 Hz); 

5.03 - 5.35 (2H, multiplet); 
6.85 (2H, doublet, J = 8.8 Hz); 

7.22 (2H, doublet, J = 8.8 Hz); 

7.42 & 7.48 (together 2H, two doublets, J = 8.3 Hz); 
8.16 & 8.22 (together 2H V two doublets, J = 8.3 Hz); 

5.4 - 6.6 (1H, broad doublet). 

PREPARATION 90 

(2S,4S)-4-Mercapto-2-{4-[2-(4-nitrobenzyloxy 
carbon yl) pyrrolidine = - ^ 

90(a) (i) (2S,4S)-2-{4-[2-(4~Nitroberizy1oxycart>onyl)o 
io)-1-(4-nitrobenzyloxycarbonyl)pyrrolidine 

A solution of 5.86 g of 4-dimethytaminopyridine and 10.35 g of 2-nitrobenzyl chlorofor mate in 40 ml of dry 
methylene chloride was added, whilst Ice-coding, to a solution of 22.35 g of (2S,4S>2-[4-(2-hydroxyethy!)-1- 
piperazinylcart>onyl]-4-(4-methoxybenzyl^^ in 160 ml of dry methy- 

lene chloride, and the resulting mixture was stirred at room temperature for 1 hour. The reaction mixture was 
then diluted with 300 ml of ethyl acetate and the dilute solution was washed, in turn, with water (100 ml, once), 
with an aqueous solution of sodium hydrogencarbonate (100 ml, once) and with an aqueous solution of sodium 
chloride (100 ml, once). The solvent was then removed by distillation under reduced pressure, and the resulting 
residue was purified by column chromatography through silica gel, using ethyl acetate as the eluent, to give 
26.35 g of the title compound, as a colourless powder. 
Infrared Absorption Spectrum (KBr), crrr 1 : 

1748, 1710, 1655, 1608, 1521, 1346, 1251. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 5 ppm: 

1.72-1.84 (1H, multiplet); 

2.26 - 2.73 (6H, multiplet); 

2.97- 3.16 (1H, multiplet); 

3.29- 4.10 (7H, multiplet); 

3.72 (2H. singlet); 

3.79 & 3.80 (together 3H, two singlets); 
4.24 - 4.31 (2H, multiplet); 
4.52 - 4.63 (1H, multiplet); 
5.00 - 5.35 (4H, multiplet); 
6.85 (2H, doublet, J = 8.79 Hz); 

7.23 (2H, doublet, J = 8.79 Hz); 
7.41 - 7.57 (4H, multiplet); 
8.16 - 8.25 (4H, multiplet). 

90(a) (ii) (2S t 4S)^MercaptCK2^4-[2-(4-nitroberizy^ 
benzyloxycarbonyl)pyrrolidine bis(trifluoromethanesulfonate) 

1 35.75 mg of trifluoroaceticackj and 6.18 ml of trifluoromethanesulphonic add were added, whilst ice-cool- 
ing, to a solution of 26.00 g of (2^4S)-2-{4-[2-(4-nitrobenzyloxycart» 

(4nTiethoxybenzytthic-1-(4-nitroben in 38.3 ml of anisde, and the resulting mixture 

was stirred at the same temperature for 1 .5 hours. At the end of this time, the sdvent was removed by distillati n 
under reduced pressure, and the resulting residue was repeatedly washed with diethyl ether by decantati n 
and dried in vacuo, to afford 32.5 g of the title compound, as a powder. 

90(a) (iii) (2S,4S)-4-Mercapt^2-{^BT(4-0itro^ 
benzyloxycarbonyQpyrrolidln 

20 ml of a 5% w/v aqueous sdution of sodium hydrogencarbonate was added to 862 mg of (2S,4S}-4-mer- 
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capto-2-{442^4-nitrobenzytoxycarbonyl)oxyeth^ 

idin bis(trif luorome thanes ulphonate), and the mixture was extracted with 50 ml f ethyl acetate. The extract 
was washed with water and dried ov r anhydrous magnesium sulphate. Th solvent was removed by distillation 
under reduced pressure, and the resulting residue was purified by column chromatography through sOica gel, 
5 using a 20 : 1 by volume mixture of ethyl acetate and methanol as the eluent, to afford 51 4 mg of the title com- 
pound, as a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

2530, 1748, 1710, 1653, 1521, 1347. 
Nuclear Magnetic Resonance Spectrum (CDCl 3l 270 MHz), 6 ppm: 
10 1.83 (1H, multiplet); 

2.44 - 2.79 (7H, multiplet); 
3.22 - 3.64 (6H, multiplet); 
4.06-4.17 (1H, multiplet); 

4.26 - 4.36 (2H, multiplet);- - - 

15 4.60 - 4.71 (1 H ( multiplet); 

5.02 - 5.33 (4H, multiplet); 
7.42 - 7.58 (4H, multiplet); 
8.17- 8.26 (4H, multiplet). 

20 90(b) (i) (2S,4R)-4-Hydroxy-2-{4-[2-(4-nitrobenzy1^ 
benzyloxycarbonyl)pyrrolidine 

25.7 ml of diethyl cyanophosphonate and 68.7 ml of triethylamine were added dropwise, whilst ice-cooling, 
to a suspension of 47.8 g of trans- 4-hydroxy-1-(4-nitrobenzyloxycart)onyl)-L-proline and 64.8 g of 1-[2-(4-ni- 
25 trobenzyloxycarbonyloxy)ethyl]piperazine dihydrochloride in 400 ml of dry dimethylformamide, and the result- 
ing mixture was stirred at the same temperature for 30 minutes. At the end of this time, the reaction mixture 
was diluted with 1 .5 liters of ethyl acetate, and the dilute solution was washed with water and dried over anhy- 
drous magnesium sulphate. The solvent was removed by distillation under reduced pressure, to give 87.6 g of 
the title compound, as a powder. 
30 Infrared Absorption Spectrum (KBr), cnrr 1 : 

1749, 1709, 1650, 1607, 1522, 1499, 1347, 1263. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 5 ppm: 
1.63 (1H. singlet); 
1.92-2.38 (8H, multiplet); 
35 3.41 - 3.83 (6H, multiplet); 

4.24 - 4.32 (2H, multiplet); 
4.55 - 4.60 (1 H, multiplet); 
4.79-4.90 (1H, multiplet); 

5.03 - 5.35 (4H, multiplet); 
40 7.44 - 7.57 (4H, multiplet); 

8.17- 8.25 (4H, multiplet). 

90(b) (I') (2S,4R)-4-Hydroxy-2-{4-[2-(4-nitrobenzyto^ 
benzytoxycarbonyQpyrrolidine 

45 

608 ui of chlorotrimethylsilane and 670 u,l of triethylamine, whilst ice-cooling, were added to a solution of 
620 mg of trans- 4-hvdroxy-1-(4-nitrobenzyloxycart)onyl)-L-proline in 20 ml of dry acetonitrile, and the resulting 
mixture was stirred at room temperature for 1 hour. At the end of this time, the solvent was removed by distil- 
lation under reduced pressure, and the resulting residue was mixed with an aqueous solution of sodium chlor- 

so ide. The mixture was then extracted with ethyl acetate. The extract was washed with an aqueous solution of 
sodium chloride and dried over anhydrous magnesium sulphate. The solvent was then removed by distillati n 
under reduced pressure, to give 648 mg of trans~ 1-(4-nitrobenzvloxycartx)ny1M as 
a powder. The whole of this was dissolved in 14 ml of dry acetonitrile, and then 330 mg of N,N'-carbonyld (imi- 
dazole were added. The mixture thus obtained was stirred at room temperature for 1 hour. At the end of this 

55 time, a solution of 630 mg f 1-{2-(4*nitrobenzyloxycarbonyl)oxyethyl]piperazine in 2 ml of dry acetonitrfle was 
added to th reacti n mixture, and th resulting mixture was stirred overnight at room temperature and then 
at 40°C f r a further 1 h ur. The reaction mixture was then mixed with 14 ml of 1 N aqueous hydrochloric acid 
and stirred at room temperature for 1 hour. At th end of this tim , the mixture was concentrated by evaporation 
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under reduced pressure, and the concentrate was made slightly alkalin by the addition fan aqueous soluti n 
of s dium hydrogencarbonate; it was then extracted with ethyl acetate. The extract was washed with water and 
dried over anhydrous magnesium sulphate. The solvent was removed by distillation under reduced pressure, 
and the resulting residue was purified by column chromatography through silica gel, using a 9 : 1 by volume 
5 mixture of ethyl acetate and methanol as the eluent, to give 589 mg of the title compound, as a powder. The 
infrared absorption spectrum and nuclear magnetic resonance spectrum of the compound thus obtained were 
identical with those of the compound prepared as described in step 90(b) (i) above. 

90(b) (H (2S, 4R)-4-Hydroxy-2^4-[2-(4-nitroben^ 
10 benzyloxycarbonyl)pyrrolidine 

343 mg of N,N'-carbonyldiimidazole were added to a solution of 674 mg of trans- 1 -(4- 
nitrobenzyioxycarbonyl)^trimethyisilyloxy-L-proline in 14 ml of dry acetonitrife, and the resulting mixture was 
stirred at room temperature for 1 hour. Asolution of 275 mg of 1-(2-hydroxyethyl)piperazine in 1 ml of dry acet- 

15 onitrile was then added to the mixture, and the mixture was stirred overnight at room temperature. At the end 
of this time, the mixture was concentrated by evaporation under reduced pressure, and the concentrate was 
mixed with an aqueous solution of sodium chloride. The mixture was then extracted with ethyl acetate. Th 
extract was washed with water and dried over anhydrous magnesium sulphate. The solvent was then removed 
by distillation under reduced pressure, to give 574 mg of (2S,4R)-2-[4-(2-hydroxyethyl)-1-piperazinylcaroonyl]- 

20 4-trimethylsilyloxy-1-(4-nitrobertzyloxycart)onyl)pyrrol idine as an oil. The whole of the compound thus obtained 
was dissolved in 5.7 ml of methylene chloride, and 170 mg of 4-dimethytamino pyridine and 300 mg of 4-nitro- 
benzyi chloroformate were added to the solution, whilst ice-cooling. The resulting mixture was stirred at room 
temperature for 1 hour and then the solvent was removed by distillation under reduced pressure. 15 ml of 1N 
aqueous hydrochloric add were added to the residue, and the mixture was stirred at room temperature for 1 

25 hour. The reaction mixture was then made slightly alkaline by the addition of an aqueous solution of sodium 
hydrogencarbonate, after which it was extracted with ethyl acetate. The extract was washed with water and 
dried over anhydrous magnesium sulphate. The solvent was then removed by distillation under reduced pres- 
sure. Following the procedure described in step 90(b)(r*) above, the residue was purified to give 348 mg of th 
title compound, as a powder. The infrared absorption spectrum and nuclear magnetic resonance spectrum of 

30 the compound thus obtained were identical with those of the compound prepared as described in step 90(b) 
(i) above. 

90(b) (ii) (2S,4S)^Acetylmio-2^442-(4-nitrobenzyl^ 
benzytoxycarbonyl)pyrrolidine 

35 

A solution of 36.5 g of diethyl azodicarboxylate in 100 ml of tetrahydrofuran was added dropwise. whilst 
ice-cooling, to a solution of 105 g of (2S,4R)^hydroxy-2-{4-p-(4-nifrobenzylox^ 

zinytcart>onyi}-1-(4-nitrobenzy1o^ [prepared as described in steps 90(b)(1), 90(b)(i') and 

90(b)(r) above] and 55 g of triphenylphosphine in 700 ml of tetrahydrofuran, and the resulting mixture was stir- 
40 red at the same temperature for 10 minutes. A solution of 1 5.9 g of mercaptoacetic acid in 100 ml of tetrahy- 
drofuran was then added dropwise to the mixture, and the mixture was stirred at room temperature for 1 hour. 
At the end of this time, the reaction mixture was concentrated by evaporation under reduced pressure, and th 
concentrate was dissolved in 1 .5 liters of ethyl acetate. The resulting solution was then washed with water and 
with an aqueous solution of sodium chloride, in that order, after which it was dried over anhydrous sodium sul- 
45 phate. The solvent was removed by distillation under reduced pressure, and then the residue was mixed with 
400 ml of diisopropyi ether. The diisopropyl ether-soluble materials were extracted and discarded. The sam 
extraction operations were repeated four times, and then the resulting residue was purified by column chro- 
matography through 3 kg of silica gel, using a gradient elution method, with mixtures of ethyl acetate and me- 
thanol ranging from 1 : 0 to 20 : 1 by volume as the eluent, to give 88.4 g of the title compound, as a colourless 
so powder. 

Infrared Absorption Spectrum (KBr). v^ cm- 1 : 

1749, 1711. 1655. 1522, 1347. 1262, 1110. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 6 ppm: 
1.82 - 1.93 (1H, multiplet); 

55 2.34 (3H, singlet); — 

2.35 - 2.82 (7H, multiplet); 
3.37-3.70 <5H, multiplet); 
- 3.91 - 4.05 (1 H, multiplet); 
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4.07 - 4.17 (1H, multiplet); 
4.23 & 4.36 (together 2H. multiplet); 
4.64-4.77 (1H, multiplet); 
5.02 - 5.35 (4H, multiplet); 
5 7.43 - 7.57 (4H, multiplet); 

8.18- 8.26 (4H, multiplet). 

90(c) (i) (2S,4R)^Methanesulfonyloxy-2-{4-[2-(4-nitrobenzyloxy^ 
1-(4-nitrobenzyloxycart)onyl)pyrrolidine 

10 

89 ul of triethylamine and 50 uf of methanesulphonyl chloride were added, whilst ice-cooling, to a solution , 
of 321 mgcf (2S,4R)-4-hydroxy-2-{4-[2-(4-nitro^ 

benzyioxycarbonyl)pyrrolidine in 3.2 ml of dry tetrahydrofuran, and the resulting mixture was stirred at between 
0°C and 5°C for 30 minutes and then at room temperature for a further 1 hour. At the end of this time, the reaction 
15 mixture was concentrated by evaporation under reduced pressure, and the resulting residue was mixed with 
an aqueous solution of sodium hydrogencarbonate; the mixture was then extracted with ethyl acetate. The ex- 
tract was washed with an aqueous solution of sodium chloride and dried over anhydrous magnesium sulphate. 
The solvent was removed by distillation under reduced pressure, to give 345 mg of the title compound as a 
powder. 

20 Infrared Absorption Spectrum (KBr), cm- 1 : 

1751, 1710, 1654, 1607, 1523, 1436, 1406. 
Nuclear Magnetic Resonance Spectrum (CDCf 3( 270 MHz), 8 ppm: 

2.22 - 3.01 (8H, multiplet); 

3.06 (3H, singlet); 
25 3.40 - 4.03 (6H, multiplet); 

4.25 - 4.47 (2H, multiplet); 

4.84 & 4.89 (together 1H, two triplets, J = 7.33 Hz); 
5.04 - 5.37 (5H f multiplet); 

7.46 & 7.50 (together 2H t two doublets, J = 8.79 Hz); 
30 7.56 (2H, doublet, J = 8.79 Hz); 

8.19- 8.26 (4H, multiplet). 

90(c) (ii) (2S.4S)-4-Acetylthk>-2K4-[2-(4-nitrobenzyloxycarb^^ 
benzyioxycarbonyQpyrrolidine 

35 

51 uf of thioacetic acid were added, whilst ice-cooling, to a suspension of 26 mg of sodium hydride (as a 
55% w/w dispersion in mineral ofl) in 1 .4 ml of dry N,N-dimethylfbrmamide, and the resulting mixture was stirred 
at room temperature for 30 minutes. A solution of 340 mg of (2S,4R)-4-methanesulphonyloxy-2-{4-[2-(4-nitro- 
benzy1oxycart>onyl)oxyethyl]-1-piperazjnylcaito [prepared as de- 

40 scribed in step 90(c)(i) above] in 2 ml of dry N.N-dimethylformamide was then added to the mixture, and the 
mixture was stirred at between 80°C and 90°C for 4 hours. At the end of this time, the temperature of the reaction 
mixture was allowed to reduce to room temperature, after which the mixture was poured into an aqueous sol- 
ution of sodium chloride and extracted with ethyl acetate. The extract was washed with water and dried over 
anhydrous magnesium sulphate. The solvent was removed by distillation under reduced pressure, and the re- 

45 suiting residue was worked up and purified according to the procedure described in step 90(b)(1) above, to give 
1 66 mg of the title compound, as a powder. The infrared absorption spectrum and nuclear magnetic resonance 
spectrum of the compound thus obtained were identical with those of the compound prepared as described in 
step 90(b)(ii) above. 

so 90(c) (HQ (2S,4S)-4-Acetylthic~2-{4-[2-(4-nitrobenzyto 
benzyloxycarbonyl)pyrrolidine 

A solution of 1.10 g of pj-nitrobenzyl chloroformate in 10 ml of methylene chloride was added, whPst Ice- 
cooling, to a solution of 1 .63 g f (2S f 4S)^acetyithio-2-[4-(2-hydroxyeth^ 
55 benzyloxycarbonyl)pyrroiidine and 0.62 g of 4-dimethylaminopyridine in 15-ml of methylene chloride and the 
resulting mixture was stirred at the same temperature for 2 hours. At the end of this tim , the reaction mixture 
was diluted with 1 00 ml of ethyl acetate, and the dOute solution was washed, in turn, with 1 00 ml of an aqueous 
solution of sodium hydrogencarbonate ^-with 1 00 ml of water and with 100 ml of an aqueous solution of sodium 

163 



EP 0 518 558 A1 



chJorid .Th solvent was removed by distillation under reduced pressure, and th resulting residu was purified 
by column chromatography through silica gel, using a gradient elution method, with mixtures of ethyl acetate 
and methanol ranging from 30 : 1 to 25 : 1 by volume as the eluent to give 1 .86 g of the title compound, as a 
powder. Th infrared absorption spectrum and nuclear magnetic resonance spectrum f the compound thus 
5 obtained were identical with those of the compound prepared as described in step 90(b) (ii) above. 

90(c) flip (2S,4S)-4-Mercapto-2-{4-[2-(4-nitrobenzy1oxyc^^ 
benzyloxycarbonyl) pyrrolidine 

10 600 ml of a 1 0% w/v methanolic solution of hydrogen chloride were added to a solution of 1 40 g of (2S.4S)- 

4-acetytthio-2-{4-[2-(4-nforobenzy1oxyca^ 

pyrrolidine [prepared as described in step 90(b)(ii) or 90(c)(ii) above] in 150 ml of 1,4-dloxane, and the resulting 
mixture was stirred at 50°C for 1 hour. At the end of this time, the reaction mixture was concentrated by evap- 
oration under reduced pressure, and the concentrate was diluted with 1500 ml of ethyl acetate. The dilute soi- 
ls ution was neutralised with an aqueous solution of sodium hydrogencarbonate and washed. In turn, with 300 
ml of water and with 300 ml of an aqueous solution of sodium chloride. The solvent was removed by distillation 
under reduced pressure, and the resulting residue was purified by column chromatography through silica gel, 
using a gradient elution method, with mixtures of ethyl acetate and methanol ranging from 30 : 1 to 20 : 1 by 
volume as the eluent, to give 96.44 g of the title compound, as a colourless powder. The infrared absorpti n 
20 spectrum and nuclear magnetic resonance spectrum of the compound thus obtained were identical with those 
of the compound prepared as described in step 90(a) (NO above. 

PREPARATION 91 

25 (2S,4SH-(t-Butoxycarbonyl)-4-(4-methox^^ ackj 

A solution of 0.95 g of di-t-butyidicarbonate in 4 ml of tetrahydrofuran and 4.4 ml of a 1N aqueous solution 
of sodium hydroxide were simultaneously added dropwise, whilst ice-cooling, to a solution of 0.97 g of (2S.4S)- 
4-(4-methoxybenzyithio)-2-pyrrolldinecarboxy1ic acid in 18 ml of tetrahydrofuran and 3.6 ml of a 1N aqueous 
30 solution of sodium hydroxide. The mixture was then stirred at room temperature for 1 hour, after which the tet- 
rahydrofuran was removed by evaporation under reduced pressure, and the residue was acidified to a pH value 
of 2-3 by the addition of 1N aqueous hydrochloric acid, and the resulting mixture was extracted with ethyl acet- 
ate. The ethyl acetate solution was washed with water and with an aqueous solution of sodium chloride, after 
which it was dried over anhydrous magnesium sulphate. The solvent was then removed by distillation under 
35 reduced pressure, to give 1 .33 g of the title compound. 

Infrared Absorption Spectrum (Liquid film), crrr 1 : 

1808, 1732, 1626, 1586, 1552, 1509, 1482, 1436, 1367, 1325, 1315, 1299, 1286, 1246, 1221. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 + D 2 O t 270 MHz), S ppm: 
1.45 (9H, singlet); 
40 1 .88 - 2.61 (3H, multiplet); 

3.03 - 3.34 (2H, multiplet); 
3.64 - 3.95 (1 H, multiplet); 
3.72 (2H, singlet); 
3.80 (3H, singlet); 
45 4.1 5 - 4.35 (1 H, multiplet); . 

6.85 (2H, doublet, J = 8.79 Hz); 
7.23 (2H, doublet, J = 8.79 Hz). 



50 Claims 

1 . A compound of formula (I): 



55 
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10 



H*C 



COA 




15 



20 



25 



in which: 

R 1 represents: 

a hydrogen atom, 

an unsubstituted alky) group having from 1 to 6 carbon atoms, 

a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at 
least one of substituents (a), defined below, 

an alkenyf group having from 2 to 6 carbon atoms, an alkynyi group having from 2 to 6 carbon 
atoms, or a group of formula -C(=NH)R° f where R° represents a hydrogen atom or an alkyl group having 
from 1 to 6 carbon atoms; and 

A represents a group of formula (A1), (A2), (A3), (A4), (A5), (A6), (A7) or (A8): 



30 



35 



40 



45 



50 



55 
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R 7 




in which: 

R 2 represents: 

a hydrog n atom, 

an unsubstituted alkyl group having from 1 to 6 carbon atoms, 

a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at 
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least one of substituents (b), defined below, 

an aJkenyl group having from 2 to 6 carbon atoms, 

an alkynyl group having from 2 to 6 carbon atoms, or 

a group of formula -C(=NH)R 6 , 
5 where R 6 represents a hydrogen atom, an unsubstituted aikyl group having from 1 to 

6 carbon atoms, a substituted alky! group which has from 1 to 6 carbon atoms and which is substituted 
by at least one of substituents (c), defined below, or a cydoalkyl group having from 3 to 7 ring carbon 
atoms; 

R3 R* and R 7 are the same or different and each represents: 
10 a hydrogen atom, 

an unsubstituted alkyt group having from 1 to 6 carbon atoms, 

a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at 
least one of substituents (d), defined below, 
a halogen atom, 
15 a hydroxy group, 

a carboxy group, 

a group of formula -CO.NR»R b , -OCO.NR«R b or -NR*R b , 

in which R* and R b are the same or different and each represents a hydrogen atom 
or an alkyt group having from 1 to 4 carbon atoms, or 
20 a cyano group; 

R 8 represents: 

a hydrogen atom, 

an unsubstituted alkyl group having from 1 to 6 carbon atoms, 

a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at 
25 least one of substituents (a), defined below, 

an alkenyl group having from 2 to 6 carbon atoms, or 
an alkynyl group having from 2 to 6 carbon atoms; 
R 9 represents: 

a hydrogen atom, 

30 an unsubstituted alkyl group having from 1 to 6 carbon atoms, 

a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at 
least one of substituents (a), defined below, or 
a group of formula -C(=NH)R 10 , 

where R 10 represents a hydrogen atom, an unsubstituted alkyl group having from 1 
35 to 6 carbon atoms, a substituted alkyt group which has from 1 to 6 carbon atoms and which is substituted 

by at least one of substituents (c), defined below, or a cydoalkyl group having from 3 to 7 ring carbon 
atoms; 

or 

R 8 and R 9 together represent a group of formula -(CH2)»-W-(CH2)r 
40 in which W represents a carbon-carbon single bond, an oxygen atom, a sulphur atom or a 

group of formula >NR 22 , in which R 22 represents a hydrogen atom or an alkyl group having from 1 to 6 
carbon atoms, and 

s and t are the same or different and each is 1 , 2 or 3; 
R11 represents a hydrogen atom or an alkyl group having from 1 to 6 carbon atoms; 
45 R 12 represents: 

a hydrogen atom, 

an unsubstituted alkyl group having from 1 to 6 carbon atoms, 

a substituted alkyt group which has from 1 to 6 carbon atoms and which is substituted by at 
least one of substituents (a), defined below, 
so an alkenyl group having from 2 to 6 carbon atoms, 

an alkynyl group having from 2 to 6 carbon atoms, or 
a group of formula -C(=NH)R 1S , 

where R 13 represents a hydrogen atom, an unsubstituted alkyT group having from 1 
to 6 carbon atoms, a substituted alkyt group which has from 1 to 6 carbon atoms and which is substituted 
55 by at least-one of substituents (c), d fined below, or a cydoalkyl group having from 3 to 7 ring carbon 

atoms; 

R 14 and R 16 are the sam or different and each represents a hydrogen atom or an alkyl group having 
from 1 to 6 carbon atoms; 
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Ri« represents a hydrogen atom, an unsubstftuted alkyi group having from 1 to 6 carton atoms, a 
substituted alkyi group which has from 1 to 6 carbon atoms and which is substituted by at least n of 
substituents (c), defined bel w v or a cycloalkyl group having from 3 to 7 ring carbon atoms; 
R 17 and R 18 are the same or different and each represents: 
5 a hydrogen atom, 

an unsubstituted alkyi group having from 1 to 6 carbon atoms, or 

a substituted alkyi group which has from 1 to 6 carbon atoms and which is substituted by at 
least one of substituents (a), defined below; 
or 

10 R 17 and R 18 together represent a group of formula -(CH2)q-Y-(CH2)r 

in which Y represents a carbon-carbon single bond, an oxygen atom, a sulphur atom or a 
group of formula >NR 23 , in which R 23 represents a hydrogen atom or an alkyi group having from 1 to 6 
carbon atoms, and 

g and r are the same or different and each is 1, 2 or 3; 
1$ R", R20 an d R21 are the same or different and each represents a hydrogen atom or an alkyi group 

having from 1 to 6 carbon atoms; 

Z represents an imldazotyl, triazolyi or tetrazolyl group; 
d is 0 or 1; 

e, f, i, i and k are the same or different and each is 1 or 2; 
20 q, £ and m are the same or different and each is 0, 1 or 2; and 

n and f> are the same or different and each is 1 , 2 or 3; 
PROVIDED THAT, where A represents a group of formula (A1): 

R 2 , R 3 and R 4 do not all represent hydrogen atoms when R 1 represents a hydrogen atom; 

and 

25 R\ R 3 and R 4 do not all represent hydrogen atoms when R 2 represents an alkyi group; 

said substituents (a) are selected from: 

hydroxy groups, 

carboxy groups, 

cyano groups, 
30 halogen atoms, 

oxygen atoms to form an oxo group, 

alkoxy groups having from 1 to 6 carbon atoms, and groups of formula -CO.NR a R b , -OCO- 
,NR«R b and -NR a R b , in which R a and R b are as defined above; 
said substituents (b) are selected from: 
35 hydroxy groups, 

carboxy groups, 
cyano groups, 
halogen atoms, 

alkoxy groups having from 1 to 6 carbon atoms, 
40 groups of formula -CO.NR a R b , -OCO.NR a R b and -NR a R b , in which R a and R b are as defined 

above, 

sulphamoyt groups, 
ureido groups, 
sulpho groups, 

45 alkanoyl groups having from 1 to 6 carbon atoms, 

alkanoylamino groups having from 1 to 6 carbon atoms, 

alkanoyloxy groups having from 1 to 6 carbon atoms, 

alkylthio groups having from 1 to 6 carbon atoms, 

alkylsulphinyl groups having from 1 to 6 carbon atoms, and 
so alkyisulphonyt groups having from 1 to 6 carbon atoms; 

said substituents (c) are selected from: 

halogen atoms, 

alk xy groups having from 1 to 6 carbon atoms, 
cycloalkyl groups having from 3 to 7 ring carbon atoms; and 
55 said substituents (d) are selected from: 

hydroxy groups, 
cyano groups, 

groups of formula -CO.NR*R b , -OCO.NR*R b and -NR*R b , in which R« and R b are as defined 
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above, 

carboxy groups, 
halogen atoms, and 

alkoxy groups having from 1 to 6 carbon atoms; 
and pharmaceutical^ acceptable salts and esters thereof. 

A compound according to Claim 1, which has the formula (la): 



COA 




in which R 1 and A are as defined in Claim 1, and R 6 represents: 
a C,- Chalky! group; 
a C 3 - C7 cycloalkyl group, 

an aralkyl group, in which the alkyl part is a Cj - C 3 alkyt group and the aryi part is a C 6 - C 14 car- 
bocyclic aromatic group which may be substituted or un substituted and, if substituted, has at least one of 
substituents (e) defined below, an alkenyt group, which is substituted or unsubstituted and, if substituted, 
has at least one of substituents (a) defined in Claim 1; 

a halogenated C^-C^ alkyt group, 

a substituted sflyialkyl groups, in which the alkyl part has from 1 to 6 carbon atoms, and the silyl 
group has up to 3 substituents selected from Ci - C* alkyl groups and phenyl groups which are unsubsti- 
tuted or have at least one of substituents (e) defined below; 

a phenyl group, which is unsubstituted or has at least one of substituents (e) defined below; a phe- 
nacyl group, which is unsubstituted or has at least one of substituents (e) defined below; a cyclic or acyclic 
terpenyi group; 

an alkoxy methyl group, in which the alkoxy part is C 1 - C 6 ; 

an aliphatic acyloxyalkyl group, in which the acyl group is a C2 - Ce alkanoyt group, and the alkyl 
part Is a C2 - C 6 alkyl group; 

a cycloalkyl-substituted aliphatic acyloxyalkyl group, in which the acyl group is a C 2 - C 6 al- 
kanoyl group, the cycloalkyl substituent is C 3 - C 7 , and the alkyl part is a C, - C* alkyl group; 

an aJkoxycarbonyloxyaJkyi group, in which the alkoxy part is C, - C 10 , and the alkyl part is C, - C 6 ; 

a cycloalkylcarbonyloxyalkyt or cydoalkyloxycarbonytoxyalkyl group, in which the cycloalkyl group 
is C3 - C 10 , is mono- or poly- cyclic and is unsubstituted or is substituted by at least one C, - C 4 alkyl group, 
and the alkyl group is a C 1 - C e ; 

a cydoalkylalkoxycarbonyloxyalkyl group, in which the alkoxy group has a single cycloalkyl sub- 
stituent, the cycloalkyl substituent being C3 - C 10 and mono- or poly- cyclic; 

a terpenylcarbonyloxyalkyl or terpenyloxycarbonytoxyaJkyi group, In which the alkyl group has from 
1 to 6 carbon atoms; 

a 5-alkyl or 5-phenyl (2-oxo-1,3-dioxoJen-4-yt)alkyl group in which each alkyl group is C t - Ce; r 
a phthalidyl, indanyl or 2-oxo-4 f 5,6,7-tetrahydro-1,3-benzodioxolen-4-yl group; and 

substituents (e) are selected from C 1 - C 4 alkyl groups, C, - C 4 alkoxy groups, C, - C A haJoalkyl groups, 

d -C3 alkylenedioxy groups, halogen atoms, cyano groups and nitro groups. 

A compound according to Claim 2, in which R 6 represents a hydrogen atom, a (5-substitutBd 2-oxo-1,3- 
dk>xolen-4-yi)methy1 group, a 1-methy1cydohexytcartx>nytoxymethyt group, a 1-isopropoxycarbonyloxye- 
thyl group or a 1-cydohexylcarbonyloxyethyl group. 
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25 



30 



35 



40 



4. A compound according to any one of Claims 1 to 3, in which R 1 represents: a hydrogen atom; an alkyl 
group having from 1 to 3 carbon atoms; a substituted alkyf group having from 1 to 3 carbon atoms, in which 
the substituent is selected from substituents (a'), defined below; an alkenyl group having 3 or 4 carbon 
atoms; an alkynyl group having 3 or 4 carbon atoms; a formimid yl group; r an acetimidoyl group; and 

substituents (a') are selected from hydroxy groups, carboxy groups, carbamoyl groups, carbamoy- 
loxy groups, cyano groups, halogen atoms, aikoxy groups having from 1 to 3 carbon atoms, amino groups, 
and mono- and diaJkytamino groups in which the or each alkyl group has from 1 to 3 carbon atoms. 

5. A compound according to any one of Claims 1 to 4, in which A represents a group of formula (A1), and n 
is 2 or 3. 

6. A compound according to any one of Claims 1 to 5, in which R 2 represents: 

a hydrogen atom; 

an alkyl group having from 1 to 3 carbon atoms; 

a substituted alkyl group having from 1 to 3 carbon atoms, in which the substituent is selected from 
substituents (b')» defined below; 

an alkenyl group having 3 or 4 carbon atoms; 
an alkynyl group having 3 or 4 carbon atoms; or 
a group of formula -C(=NH)R e , 

where R 6 represents 

a hydrogen atom, 

an unsubstituted alkyl group having from 1 to 3 carbon atoms, 

a substituted alkyl group which has from 1 to 3 carbon atoms and which is substituted by at 
least one substituent selected from halogen atoms, 

aikoxy groups having from 1 to 3 carbon atoms and cycloalkyl groups having from 3 to 6 car- 
bon atoms, or 

a cycloalkyl group having from 3 to 6 ring carbon atoms; and 
substituents (b') are selected from: hydroxy groups, carboxy groups, carbamoyl groups, carbarn y- 
loxy groups, cyano groups, sulphamoyi groups, ureido groups, sulpho groups, aikoxy groups having from 

1 to 3 carbon atoms, alkoxycarbonyi groups having from 2 to 4 carbon atoms, alkanoyt groups having from 

2 to 4 carbon atoms, alkanoylamino groups having from 2 to 4 carbon atoms, alkanoyloxy groups having 
from 2 to 4 carbon atoms, amino groups, mono- and di- afkylamino groups in which the or each alkyl group 
has from 1 to 3 carbon atoms, alkyl thio groups having from 1 to 3 carbon atoms, alkylsulphinyl groups 
having from 1 to 3 carbon atoms, alkyisulphonyi groups having from 1 to 3 carbon atoms, mono- and di- 
alkyl carbamoyl groups in which the or each alkyt group has from 1 to 3 carbon atoms, and mono- and di- 
alkytcarbamoytoxy groups in which the or each alkyl group has from 1 to 3 carbon atoms. 

7. A compound according to any one of Claims 1 to 6, in which A represents a group of formula (A1), and 
R 3 and R 4 each represents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms, a hydroxy 
group, a carboxy group, a carbamoyl group or a substituted alkyt group which has from 1 to 3 carbon atoms 
and which is substituted by at least one substituent selected from hydroxy groups, aikoxy groups having 
from 1 to 3 carbon atoms, amino groups, carbamoyl groups and halogen atoms. 



8. A compound according to Claim 1 or Claim 2, in which: 
A represents a group of formula (A1); 
45 nis2; 

R 1 represents a hydrogen atom, a methyl group, a f luoromethyl group, a formimidoyt group or an 
acetimidoyl group; 

R 2 represents a hydrogen atom, a 2-hydroxyethyt group, a 2-carbamoytethyl group, a carboxyme- 
thyl group, a carbamoytmethyl group, a 2-f luoroethyl group, a formimidoyl group or an acetimidoyl group; 
and 

R* and R 4 are the same or different and each represents a hydrogen atom, a methyl group, a car- 
bamoyl group, a cyano group, a carboxy group, a hydroxymethyl group, a fluoromethyi group or an ami- 
n m thyl group. 

55 9. A compound according to Claim 1 or Claim 2, in which: 
A represents a group of formula (A1); 
n is 3; 
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R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyl group or an 
acetimidoyl group; 

R 2 represents a hydrog n atom, a methyl group, a formimidoyl group, an acetimidoyl group, a car- 
boxymethyl group, a carbamoylmethyl group, a 2-hydroxyethyl group or a 2-fluoroethyt group; and 
5 R 3 and R 4 are the same or different and each represents a hydrogen atom, a methyl group, a hy- 

droxy group, an amino group, a cyano group, a carboxy group, a carbamoyl group, a carbamoyloxy group, 
a hydroxymethyi group, a fluoromethyl group or an aminomethyl group. 

10. A compound according to Claim 1 or Claim 2, in which: 
10 A represents a group of formula (A1); 

n is 2; 

R 1 represents a hydrogen atom, a methyl group, a formimidoyl group or an acetimidoyl group; 

R 2 represents a hydrogen atom, a 2-hydroxyethyl group, a carboxymethyi group, a formimidoyl 
group or an -acetimkloyt group; 
15 R 3 represents a hydrogen atom; and 

R 4 represents a methyl group, a carbamoyl group, a cyano group, a hydroxymethyi group, a fluo- 
romethyl group or an aminomethyl group. 
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11. A compound according to Claim 1 or Claim 2 V in which: 

A represents a group of formula (A1); 
n is 3; 

R 1 represents a hydrogen atom, a methyl group, a formimidoyl group or an acetimidoyl group; 

R 2 represents a formimidoyl group, an acetimidoyl group, a carboxymethyi group, a 2-hydroxyethyt 
group or a 2-fluoroethyl group; and 

R 3 and R* are the same or different and each represents a hydrogen atom, a hydroxy group, an 
amino group or a cyano group. 

12. A compound according to Claim 1 or a aim 2, in which: 

A represents a group of formula (A2), and R 7 represents: a hydrogen atom; a carboxy group; a car- 
bamoyl group; an alley! group having from 1 to 3 carbon atoms; or a substituted alkyl group having from 
1 to 3 carbon atoms, in which the substituent is selected from hydroxy groups, aikoxy groups having from 
1 to 3 carbon atoms, carbamoyl groups, carboxy groups and cyano groups. 



13. A compound according to Claim 1 , in which A represents a group of formula (A2), and R 8 represents: a 
hydrogen atom; an alkyl group having from 1 to 3 carbon atoms; a substituted alkyl group having from 1 
35 to 3 carbon atoms, in which the substituent is selected from hydroxy groups, aikoxy groups having from 

1 to 3 carbon atoms, carbamoyl groups, carbamoyloxy groups, carboxy groups, cyano groups, amino 
groups and halogen atoms; an alkenyl group having 3 or 4 carbon atoms; or an aikynyl group having 3 or 
4 carbon atoms. 

40 14. A compound according to Claim 1 or Claim 2, in which A represents a group of formula (A2), and R 9 rep- 
resents: a hydrogen atom; an alkyl group having from 1 to 3 carbon atoms; a substituted alkyl group having 
from 1 to 3 carbon atoms, in which the substituent is selected from hydroxy groups, aikoxy groups having 
from 1 to 3 carbon atoms, carbamoyl groups, carbamoyloxy groups, carboxy groups, cyano groups, amino 
groups and halogen atoms; or a group of formula -C(=NH)R 10 , in which R 10 represents: 

45 a hydrogen atom; 

an alkyl group having from 1 to 3 carbon atoms; a substituted alkyl group having from 1 to 3 carbon 
atoms, in which the substituent is selected from aikoxy groups having from 1 to 3 carbon atoms and ha- 
logen atoms; 

a cycloalkyl group having from 3 to 6 carbon atoms; or 
50 an alkyl group having from 1 to 3 carbon atoms, which is substituted by a single cycloalkyl group 

having from 3 to 6 carbon atoms. 

15. A compound according to Claim 1 or Claim 2, in which A represents a group of formula (A2), and R 8 and 
R° together represent a group of formula -(CH2).-W-(CH2)r. In which W represents a carbon-carbon single 

55 bond, an oxygen atom, a sulphur atom or a group of formula >NR 22 , in which R 22 represents a hydrogen 

atom or an alkyl group having from 1 to 3 carbon atoms, s is 1, 2 or 3 and t is 2. 

16. A compound according to Claim 1 or Claim 2, in which: 
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A represents a group of formula (A2); 
d isO, oM; 
m is 0, 1 or 2; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimid y| group or an 
5 acetimidoyl group; 

R 7 represents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms, a hydroxy group, 
an amino group, a cyano group, a halogen atom, a carboxy group, a carbamoyl group or a hydroxymethyi 
group; 

R 8 represents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms, a fluoromethyl 
10 group, a carbamoyimethyl group, a carboxymethyl group, an alkenyl group having 3 or 4 carbon atoms, 

an alkynyi group having 3 or 4 carbon atoms, a 2-haloethyl group, a 2-hydroxyethyl group, a 2-alkoxyethyt 
group, in which the aikoxy part has from 1 to 3 carbon atoms, or a 2-aminoethyt group; 

R° represents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms, a fluoromethyl 
group, a carbamoyimethyl group, a carboxymethyl group, a formimidoyl group, an acetimidoyl group, a 2- 
15 haioethyJ group, a 2-hydroxyethyl group, a 2-aIkoxyethyl group, in which the aikoxy part has from 1 to 3 

carbon atoms, or a 2-aminoethyi group; 
or 

R e and R 9 together represent a group of formula 
-<CH2) 4 -, 

20 -(CH^s-, 

-(CHJjOtCHjh-, 
-(CH 2 ) 2 S(CH 2 ) 2 - i 
-(CH2) 2 NH(CH2)2- or 
-(CH^NCHjtCH^r. 

25 

17. A compound according to Claim 1 or Claim 2, in which: 

A represents a group of formula (A2); 

d is 0; 

m is 1 or 2; 

30 R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyl group or an 

acetimidoyl group; 

R 7 represents a hydrogen atom; 

R8 represents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms, a carbamoyimethyl 
group, a carboxymethyl group, a 2-f luoroethyl group or a 2-hydroxyethyl group; and 
35 R 9 represents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms, a formimidoyl 

group, an acetimidoyl group or a 2-f luoroethyl group. 

18. A compound according to Claim 1 or Claim 2, in which A represents a group of formula (A3), £ is 0, 1 or 
2, and R 7 represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms. 

40 

19. A compound according to Claim 1 or Claim 2, in which A represents a group of formula (A3), and R 11 rep- 
resents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms, such as a methyl, ethyl or 
propyl group. 

20. A compound according to Claim 1 or Claim 2, in which A represents a group of formula (A3), and R 12 rep- 
45 resents: a hydrogen atom; an alkyl group having from 1 to 3 carbon atoms; a substituted alkyl group having 

from 1 to 3 carbon atoms, in which the substituent is selected from hydroxy groups, aikoxy groups having 
from 1 to 3 carbon atoms, carbamoyl groups, carbamoyl oxy groups, carboxy groups, cyano groups, amino 
groups and halogen atoms; an alkenyl group having 3 or 4 carbon atom; an alkynyi group having 3 or 4 
carbon atoms; or a group of formula -C(=NH)R 13 , in which R 13 represents: 
50 a hydrogen atom; 

an alkyl group having from 1 to 3 carbon atoms; 

a substituted alkyl group having from 1 to 3 carbon atoms, in which the substituent is selected from 
aikoxy groups having from 1 to 3 carbon atoms and halogen atoms; 

a cycloalkyl group having from 3 to 6 carb n atoms; or 
55 an alkyl group having from 1 to 3 carbon atoms, which is substituted by a singt cycloaJkyi group 

having from 3 1 6 carbon at ms. 
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21. A compound according to Claim 1 or Claim 2, in which: 

A repres nts a group of formula (A3); 
I isO, 1 or 2; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimid yl group or an 
5 acetimidoyl group; 

R 7 represents a hydrogen atom; 

R11 represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms; and 

R 12 represents a hydrogen atom, an alkyt group having from 1 to 3 carbon atoms, a fluoromethyl 

group, a carbamoyfmethyi group, a carboxymethyl group, an alkenyl group having 3 or 4 carbon atoms, 
10 an alkynyl group having 3 or 4 carbon atoms, a formimidoyl group, an acetimidoyl group, a 2-haloethyl 

group, a 2-hydroxyethyl group, a 2-a!koxyethyl group, in which the alkoxy part has from 1 to 3 carbon atoms 

or a 2-aminoethyl group. 

22. A compound according to Claim 1 or Claim 2, in which: 
15 A represents a group of formula (A3); 

£ is 1 or 2; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyl group or an 
acetimidoyl group; 

R 7 represents a hydrogen atom; 
20 R 11 represents a hydrogen atom or a methyl group; and 

R 12 represents a hydrogen atom, an alkyi group having from 1 to 3 carbon atoms, a fluoromethyl. 
group, a carbamoylmethyi group, a carboxymethyl group, a formimidoyl group, an acetimidoyl group, a 2- 
fluoroethyl group or a 2-hydroxyethyl group. 
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23. A compound according to Claim 1 or Claim 2, in which A represents a group of formula (A4), and R 14 and 
Rifi each represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms. 

resents: a hydrogen atom; an alkyl group having from 1 to 3 carbon atoms; a substituted alkyl group having 
from 1 to 3 carbon atoms, in which the substituent is selected from alkoxy groups having from 1 to 3 carbon 
atoms and halogen atoms; a cydoalkyl group having from 3 to 6 carbon atoms; or an alkyl group having 
from 1 to 3 carbon atoms, which is substituted by a single cydoalkyl group having from 3 to 6 carbon atoms. 



25. A compound according to Claim 1 or Claim 2, in which: 

A represents a group of formula (A4); 
35 [ is 1 or 2; and 

R\ R 14 , R 16 and R 16 are the same or different and each represents a hydrogen atom or an alkyl 
group having from 1 to 3 carbon atoms. 

26. A compound according to Claim 1 or Claim 2, in which: 
40 A represents a group of formula (A4); 

[ is 1; and 

R 1 , R 14 , R 1S and R 16 are the same or different and each represents a hydrogen atom or a methyl 

group. 

45 27. A compound according to Claim 1 or Claim 2, in which A represents a group of formula (A5), and R 17 and 
Ris each represents: a hydrogen atom; an alkyl group having from 1 to 3 carbon atoms; or a substituted 
alkyl group having from 1 to 3 carbon atoms, in which the substituent is selected from hydroxy groups, 
alkoxy groups having from 1 to 3 carbon atoms and halogen atoms. 

50 28. A compound according to Claim 1 or Claim 2, in which A represents a group of formula (A5), and R 17 and 
ris together represent a group of formula -(CHJq-Y-tCHJr. in which Y represents a carbon-carbon single 
bond, an oxygen atom or a group of formula >NR 23 , in which R 23 represents a hydrogen atom or an alkyl 
group having from 1 to 3 carbon atoms, and g and r are each 2 or 3. 

55 29. A compound according to Claim 1 or Claim 2, in which: 
A represents a group of formula (A5); 
fiis 2; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyl group or an 
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acetimidoyl group; 

R 17 and R 18 are the same or different and each represents a hydrogen atom, an alkyl group having 
from 1 to 3 carbon atoms, a 2-haloethyl group or a 2-hydroxyethyl group; 
or 

5 R 17 and R 18 together represent a group of formula 

-(CH^-, 
-(CH*)*-, 
-(CH^OtCHjV, 

-(CHakS(CH2>2. 
10 -(CH2) 2 NH(CH2)r or 

-(CH^NCHatCHJa-. 

30. A compound according to Claim 1 or Claim 2, in which: 
A represents a group of formula (A5); 
15 B'S 2; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyl group or an 
acetimidoyl group; and 

R 17 and R 18 are the same or different and each represents a hydrogen atom or a methyl group. 
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31. A compound according to Claim 1 or Claim 2, in which A represents a group of formula (A6), and R 19 rep- 
resents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms. 

32. A compound according to Claim 1 or Claim 2, in which: 
A represents a group of formula (A6); 
1 and k are both 2; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyl group or an 
acetimidoyl group; and 

Rie represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms. 

33. A compound according to Claim 1 or Claim 2, in which: 
A represents a group of formula (A6); 

I and k are both 2; and 

R 1 and R 19 are the same or different and each represents a hydrogen atom or a methyl group. 

34. A compound according to Claim 1 or Claim 2, in which A represents a group of formula (A7), and Z rep- 
35 resents a 1-imidazolyl group, a 1,2,4-triazoM-yl group or a 1,2,3-triazoM-yl group. 

35. A compound according to Claim 1 or Claim 2, in which: 

A represents a group of formula (AT); 
a is 0, 1 or 2; 

40 R 1 represents a hydrogen atom or a methyl group; and Z represents a 1-imidazolyl group, a 1 ,2,4- 

triazol-1-yl group or a 1,2,3-triazoM-yl group. 

36. A compound according to Claim 1 or Claim 2, in which: 

A represents a group of formula (A7); 
45 gis1or2; 

R 1 represents a hydrogen atom or a methyl group; and 

Z represents a 1-imidazolyl group, a 1 ,2,4-triazoM -yl group or a 1 ,2,3-triazol-1-yi group. 

37. A compound according to Claim 1 or Claim 2, in which A represents a group of formula (A8), and R 20 and 
50 R 21 each represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms. 

38. A compound according to Claim 1 or Claim 2, in which: 

A represents a group of formula (A8); 
_and fare both 1; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyl group or an 
acetimidoyl group; and 

R20 and R 21 each represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms. 
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39. A compound according to Claim 1 or Claim 2, in which: 

A represents a group of formula (A8); 
e and f are both 1; 

R 1 represents a hydrogen atom or a methyl group; 

R2o represents a hydrogen atom; and 

R 21 represents a hydrogen atom or a methyl group. 

40. A compound according to any one of the preceding Claims, in which the carbon atoms are in the sam 
configurations as those of thienamycin. 



41. The following compounds according to Claim 1 : 
2-[2-(1-homopiperazinyicaj1x>n^ 
en-2-em-3-carboxytic acid; 

2^2-(4-cart)pxymethylrK)rr»pipera2in- 1 -ytcartx>nyl)pyrrolidin^-yithio]-6-(1-hydroxyethyl)-1-methyl- 

1- carbapen-2-errvS-carboxyitc acid; 
2^2^4-(2-hydroxyethyl)homopiperazirv1-y1carbonyi] pyrro!idin^ylthio}-6-(1 -hydroxyethytH -me- 
thyl- 1-carbapen-2-eriv3-carboxylic acid; 

2-P-(4-acetimkioylhO!TK>piperazin-1^^ 
carbapen-2-em-3-carboxylic acid; 

242-(4-formimidoylhonrK)piperaziiv1-yira 
carbapen-2-em-3-carboxylic acid; 

2-[2-(4-formimidoylhomopiperazin-1 -yicarbonyl)-1 -methyl pyrrol id in-4-y Ith io]-6-(1 -hydroxyethyl>-1 - 
methyl-1-carbapen-2-em-3-carboxylic acid; 

2-[1-methyl-2-(piperaarh1-ylcarbon^ n- 

2- em-3-carboxyiic acid; 
2^2-[4-(2-hydroxyethy!)piperazin-1-y1carbonyl]-pyrrolidin-^ 

carbapen-2-em-3-carboxyiic acid; 

2-[2-(3-methylpiperazin-1-ylcai1>onyi)pyrrolidin-4-ylthio]-6-(1-hyd 
2-em-3-carboxyl ic acid; 

2-[2-(4-formimidoylpiperazin-1-ylcart>ony1)pyrro^^ 
en-2-em-3-carboxylic acid; 

2-[2-(4-a(»timkloylpiperazin-1-ylcart>o^ 
en-2-em-3-carboxyiic acid; 

2-[2-(4-formimidoyipiperazirh1-ylcar^ 
1-carbapen-2-em-3-carboxy1ic acid; 

2^2-(4-acetimidoytpiperazin-1-ylcarbonylH 
1-carbapen-2-env3-carboxylic acid; 

2-[2-(4-formimkJoy^SHTiethy1pipera 
1 -carbapen-2-em-3-carboxytic acid; 

2^2-(4-acetimkk>yW-methylpiperazi^^ 

1- carbapen-2-em-3-carboxylic acid; 

2-[2-(2-methylpiperazin-1-ylcarbonyl)pyr rolidin-4-yithio]-6-(1 -hydroxyethyi)-1-methyl-1-carbapen- 

2- em-3-carboxy1ic acid; 

2-{2-(4-fonTiimkloyl-2-metr^ 
^ 1 -carbapen-2-em-3-carboxyiic acid; 

2-[2-(4-acetimidoyl-2Hnethy1piperazin-1-y1carbon^ 
1-carbapen-2-em-3-carboxy1ic acid; 

2-[2-(3-hydroxymethylpiperazifv1-y1carbonyt)p^^ 
bapen-2-em-3-carboxy1ic acid; 
so 2-{1-formimidoyl-2-(4-fQrmimidoylpiperazm^ 
methyl-1-carbapen-2-em-3-carboxylic acid; 

2-[2-(3^cetimkk>ylaminopyrrdidirM-y^ 
carbapen-2-em-3-carboxyiic acid; 

2-T2-(3-formimWoylaminopyrroIid^ 
55 carbapen-2-em-3-cart>oxylic acid; 

2-{2-(3-amiriopyrrol idin-1 -ylcai1>onyl)pyrrolidin-4-ylthio]-6-(1 -hydroxyethyl)-1 -methyM -carbapen-2- 
em-3-carboxylic acid; 

2-{2-(4-acetimJd ytamin piperidin-1-ylcart>ony0pyrrolidin-4-^ 
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carfoaperv2-em-3-cart>oxyflic acid; 

242-(3-airiinopyrroJWirv1-y1c^ 
bapen-2-em-3-cart>oxy1ic acid; 

2-{2-(^acetimkioy1aminopyrrolidin^^ 
methyl- 1 -carbapen-2-en^3-carboxyiic acid; 

2-[2-(3-formimidoylaminopyrrolidin-1-yl^^ 
methyt-1-carbapen-2-em-3-carboxylic acid; 

2-{2-(4-acetimkioy1aminopipeiidin-1-^ 
methyl-1-carbapen-2-em-3-cartx)xylic acid; 

2^2- (1-f or mimidoyl pyrrol kJirv^ 
bapen-2-em-3-carboxyiic acid; 

2^2-(3-dimethylamirK>-1 f 2,5 t 6-tetiahydix)pyra^ 
1 -methyl- 1-carbaper>-2-env3-carboxylic acid; 
and pharmaceutically acceptable salts and esters thereof. 

42. A pharmaceutical composition comprising a pharmaceutically acceptable carrier, diluent or adjuvant in ad- 
mixture with an effective amount of an antibiotic, in which the antibiotic is selected from compounds of 
formula (I) and pharmaceutically acceptable salts and esters thereof, as claimed in any one of Claims 1 
to 41. 

43. A process for preparing a compound according to any one of Claims 1 to 41, which comprises the steps: 

reacting a compound of formula (II): 




[in which R 24 represents a carboxy-protecting group, and R 28 represents an alkanesulphonyloxy group, 
an aryisulphonyloxy group, a dialkytphosphoryloxy group, a diarytphosphoryloxy group or a group of for- 
mula -S(->0)R 27 , where R 27 represents an alkyl group, a haloalkyl group, an acetamidoalkyi group, an 
ace tarn idoal ken yl group, an aryl group, or an aromatic heterocyclic group] with a compound of formula 
(III): 




(in which R 28 represents any of the groups or atoms represented by R 1 or any such group or atom in which 
any active group is protected, and A' represents any of the groups or atoms represented by A r any such 
group or atom in which any active group is prot cted) and if necessary removing any protecting group. 

44* The use of a compound according to any one of Claims 1 to 41 for the manufacture of a medicament for 
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the treatment or prophylaxis of bacterial infections. 
Claims f r th following Contracting Stat s : ES, GR 
5 1. A process for preparing a compound of formula (I): 



10 



15 




20 

[in which: 

R 1 represents: 

a hydrogen atom, 

an unsubstituted alkyi group having from 1 to 6 carbon atoms, 
25 a substituted alkyi group which has from 1 to 6 carbon atoms and which is substituted by at 

least one of substituents (a), defined below, 

an alkenyl group having from 2 to 6 carbon atoms, 
an alkynyl group having from 2 to 6 carbon atoms, or 

a group of formula -C(=NH)R°, where R° represents a hydrogen atom or an alkyi group hav- 
30 ing from 1 to 6 carbon atoms; and 

A represents a group of formula (A1), (A2), (A3), (A4), (A5), (A6), (A7) or (A8): 



35 



40 



45 



SO 
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in which: 

R 2 represents: 

a hydrogen atom, 

an unsubstituted alkyl group having from 1 t 6 carbon atoms, 

a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at 
least one of substituents (b), defined below, 

an aJkenyl group having from 2 1 6 carbon atoms, 
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an alkynyl group having from 2 to 6 carbon atoms, or a group of formula -C(-NH)R e , 

where R 6 represents a hydrogen atom, an unsubstituted alkyi group having from 1 to 
6 cartoon atoms, a substituted alkyi group which has from 1 to 6 carb n atoms and which is substituted 
by at least one of substituents (c), defined below, or a cydoalkyi group having from 3 to 7 ring carbon 
5 atoms; 

R 3 , R 4 and R 7 are the same or different and each represents: 
a hydrogen atom, 

an unsubstituted alkyi group having from 1 to 6 carbon atoms, 

a substituted alkyi group which has from 1 to 6 carbon atoms and which is substituted by at 
10 least one of substituents (d), defined below, 

a halogen atom, 
a hydroxy group, 
a carboxy group, 

a group of formula -CO.NR a R b , -OCO.NR«R b or-NR«R b 
15 in which R* and R b are the same or different and each represents a hydrogen atom 

or an alkyi group having from 1 to 4 carbon atoms, or a cyano group; 
R 8 represents: 

a hydrogen atom, 

an unsubstituted alkyi group having from 1 to 6 carbon atoms, 
20 a substituted alkyi group which has from 1 to 6 carbon atoms and which is substituted by at 

least one of substituents (a), defined below, 

an alkenyl group having from 2 to 6 carbon atoms, or 
an alkynyl group having from 2 to 6 carbon atoms; 
R 8 represents: 
25 a hydrogen atom, 

an unsubstituted alkyi group having from 1 to 6 carbon atoms, 

a substituted alkyi group which has from 1 to 6 carbon atoms and which is substituted by at 
least one of substituents (a), defined below, or 

a group of formula -C(=NH)R 10 , 
30 where R 10 represents a hydrogen atom, an unsubstituted alkyi group having from 1 

to 6 carbon atoms, a substituted alkyi group which has from 1 to 6 carbon atoms and which is substituted 
by at least one of substituents (c), defined below, or a cydoalkyi group having from 3 to 7 ring carbon 
atoms; 

or 

35 R8 and R 9 together represent a group of formula -(CH2)»-W-(CH2)r 

in which W represents a carbon-carbon single bond, an oxygen atom, a sulphur atom or a 
group of formula >NR 22 , in which R 22 represents a hydrogen atom or an alkyi group having from 1 to 6 
carbon atoms, and 

s and t are the same or different and each is 1 , 2 or 3; 
40 R 11 represents a hydrogen atom or an alkyi group having from 1 to 6 carbon atoms; 

R12 represents: 

a hydrogen atom, 

an unsubstituted alkyi group having from 1 to 6 carbon atoms, 

a substituted alkyi group which has from 1 to 6 carbon atoms and which is substituted by at 
45 least one of substituents (a), defined below, 

an alkenyl group having from 2 to 6 carbon atoms, 
an alkynyl group having from 2 to 6 carbon atoms, or 
a group of formula -C(=NH)R 13 , 

where R 13 represents a hydrogen atom, an unsubstituted alkyi group having from 1 
so to 6 carbon atoms, a substituted alkyi group which has from 1 to 6 carbon atoms and which is substituted 

by at least one of substituents (c), defined below, or a cydoalkyi group having from 3 to 7 ring carbon 
atoms; 

R u and R 16 are the same or different and each represents a hydrogen atom r an alkyi group having 
from 1 to 6 carbon atoms; 

55 Rie represents a hydrogen atom, an unsubstituted alkyi group having from 1 to 6 carbon atoms, a 

substituted alkyi group which has from 1 to 6 carbon atoms and which is substituted by at least one of 
substituents (c), defined below, or a cydoalkyi group having from 3 to 7 ring carbon atoms; 
R 17 and R" are the same or different and each represents: 
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a hydrogen atom, 

an unsubstitutad alkyl group having from 1 to 6 carbon atoms, or 

a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at 
least one of substituents (a), def in d below; 
5 or 

R 17 and R 18 together represent a group of formula -(CH^Y-fCKyr 

in which Y represents a carbon-carbon single bond, an oxygen atom, a sulphur atom or a 
group of formula >NR 23 , in which R 23 represents a hydrogen atom or an alkyl group having from 1 to 6 
carbon atoms, and 
10 £ and r are the same or different and each is 1 , 2 or 3; 

R 19 , R 20 and R 21 are the same or different and each represents a hydrogen atom or an alkyt group 
having from 1 to 6 carbon atoms; 

Z represents an imidazolyl, triazolyl or tetrazolyl group; 
d is 0 or 1; 

15 e, f, j, i and k are the same or different and each is 1 or 2; 

£, £ and m are the same or different and each is 0, 1 or 2; and 
n and £ are the same or different and each is 1 , 2 or 3; 
PROVIDED THAT, where A represents a group of formula (A1 ): 

R 2 , R 3 and R 4 do not all represent hydrogen atoms when R 1 represents a hydrogen atom; 

20 and 

R 1 , R 3 and R 4 do not all represent hydrogen atoms when R 2 represents an alkyl group; 
said substituents (a) are selected from: 
hydroxy groups, 
carboxy groups, 
25 cyano groups, 

halogen atoms, 

oxygen atoms to form an oxo group, 

alkoxy groups having from 1 to 6 carbon atoms, and groups of formula -CO.NR*R b , -OCO.NR* 
R b and -NR a R b in which R* and R b are as defined above; 
30 said substituents (b) are selected from: 

hydroxy groups, 
carboxy groups, 
cyano groups, 
halogen atoms, 

35 alkoxy groups having from 1 to 6 carbon atoms, 

groups of formula -CO.NR a R b -OCO.NR°R b and -NR a R b , in which R a and R b are as defined 

above, 

sulphamoyl groups, 

ureido groups, 
40 sulpho groups, 

alkanoyl groups having from 1 to 6 carbon atoms, 

alkanoylamino groups having from 1 to 6 carbon atoms, 

alkanoyloxy groups having from 1 to 6 carbon atoms, 

alkytthk) groups haying from 1 to 6 carbon atoms, 
45 alkytsulphinyl groups having from 1 to 6 carbon atoms, and 

alkyl sulphonyl groups having from 1 to 6 carbon atoms; 
said substituents (c) are selected from: 

halogen atoms, 

alkoxy groups having from 1 to 6 carbon atoms, 
so cydoalkyl groups having from 3 to 7 ring carbon atoms; and 

said substituents (d) are selected from: 
hydroxy groups, 
cyano groupsr 

groups of formula -CO.NR*R b , -OCO.R a R b and ~NR*R b , in which R* and R b are as defined 

ss above, 

carboxy groups, 
halogen atoms, and 

alkoxy groups having from 1 to 6 carborr atoms]; 
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or a pharmaceutical ty acceptable saJt or ester thereof, which process comprises th steps: 
reacting a compound of formula (II): 




[in which R 24 represents a carboxy-protecting group, and R 28 represents an alkanesulphonyloxy group, 
an arylsulphonyloxy group, a dialkylphosphoryloxy group, a diaryiphosphoryioxy group or a group of for- 
mula -S(-*0)R 27 , where R 27 represents an aJkyl group, a haloaJkyi group, an acetamidoalkyl group, an 
acetamidoalkenyl group, an aryl group, or an aromatic heterocyclic group] with a compound of formula 
(III): 




(in which R 26 represents any of the groups or atoms represented by R 1 or any such group or atom in which 
any active group is protected, and A' represents any of the groups or atoms represented by A or any such 
group or atom in which any active group is protected) and 
if necessary removing any protecting group. 

A process according to Claim 1 , in which the reagents and reaction conditions are so chosen as to prepare 
a compound of formula (I) or a salt or ester thereof which has the formula (la): 



COA 




in which R 1 and A are as defined in Claim 1, and R 6 represents: 
a Ci - C20 aJkyl group; 
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a C3 - C7 cycloalkyl group, 

an aralkyl group, in which th alkyl part is a - C 3 alkyi group and th aryt part is a C e - C 14 car- 
bocydic aromatic group which may b substituted or unsubstituted and, if substituted, has at least one of 
substituents (e) defined below, an alk nyi group, which is substituted or unsubstituted and, if substituted, 
has at least one of substituents (a) defined in Claim 1; 

a halogenated C t - Ce alkyl group, 

a substituted sQyfaJkyi groups, in which the alkyl part has from 1 to 6 carbon atoms, and the silyi 
group has up to 3 substituents selected from C, - C 6 alkyl groups and phenyl groups which are unsubsti- 
tuted or have at least one of substituents (e) defined below; 

a phenyl group, which is unsubstituted or has at least one of substituents (e) defined below; 

a phenacyl group, which is unsubstituted or has at least one of substituents (e) defined below; 

a cyclic or acyclic terpenyi group; 

an aikoxymethyl group, in which the alkoxy part is Ci - C«; 

an aliphatic acyloxy alkyi group, in which the acyt group is a C 2 - Ce alkanoyl group, and the alkyi 
part is a C 2 - C 9 alkyl group; 

a cydoalkyl-substituted aliphatic acytoxyalkyl group, in which the acyi group is a C2 - Cq alkanoyl 
group, the cycloalkyl substituent is C3 - C7, and the alkyl part is a C f - C 6 alkyl group; 

an alkoxycarbonyioxyalkyl group, in which the alkoxy part is C t - C 10 , and the alkyl part is C 1 - C 6 ; 

a cycloalkylcarbo nyi oxy alkyl or cycloalkyloxycarbonyloxyalkyl group, in which the cycloalkyl group 
is C3 - C 10 , is mono- or poly- cyclic and is unsubstituted or is substituted by at least one Cj - C 4 alkyl group, 
and the alkyl group is a C 1 - C 6 ; 

a cycloalkylalkoxycarbonyloxyalkyl group, in which the alkoxy group has a single cycloalkyl sub- 
stituent, the cycloalkyl substituent being C3 - C 10 and mono- or poly- cyclic; 

a terpenyfcarbonyloxyalkyl or terpenyloxycarbonyioxyalkyi group, in which the alkyl group has from 
1 to 6 carbon atoms; 

a 5-alkyl or 5-phenyl (2-oxo-1,3-dioxolen-4-yl)aIkyl group in which each alkyl group is - C e ; or 
a phthalidyl, indanyl or 2-oxo-4,5,6,7-tetrahydro-1,3-benzodioxolen-4-yl group; and 
substituents (e) are selected from C 1 - C 4 alkyl groups, C t - C 4 alkoxy groups, C t - C 4 haloalkyl groups, 
-C3 alkylenedioxy groups, halogen atoms, cyano groups and nitro groups. 

A process according to Claim 2, in which the reagents and reaction conditions are so chosen as to prepare 
a compound of formula (I) or a salt or ester thereof, in which R 5 represents a hydrogen atom, a (5-substt- 
tuted 2-oxo-1,3-dioxo!en-4-yl)methyl group, a 1-methylcyclohexylcarbonyloxymethyl group, a 1-isopro- 
poxycarbonyloxyethyl group or a 1-cydohexylcarbonyioxy ethyl group. 

A process according to any one of Claims 1 to 3, in which the reagents and reaction conditions are so 
chosen as to prepare a compound of formula (I) or a salt or ester thereof, in which R 1 represents: a hy- 
drogen atom; an alkyl group having from 1 to 3 carbon atoms; a substituted alkyl group having from 1 to 
3 carbon atoms, in which the substituent is selected from substituents (a'), defined below; an alkenyl group 
having 3 or 4 carbon atoms; an alkynyt group having 3 or 4 carbon atoms; a formimidoyl group; or an acet- 
imidoyl group; and 

substituents (a') are selected from hydroxy groups, carboxy groups, carbamoyl groups, carbamoy- 
loxy groups, cyano groups, halogen atoms, alkoxy groups having from 1 to 3 carbon atoms, amino groups, 
and mono- and dialkyfamino groups in which the or each alkyl group has from 1 to 3 carbon atoms. 

A process according to any one of Claims 1 to 4, in which the reagents and reaction conditions are so 
chosen as to prepare a compound of formula (I) or a salt or ester thereof, in which A represents a group 
of formula (A1), and n is 2 or 3. 

A process according to any one of Claims 1 to 5, in which the reagents and reaction conditions are so 
chosen as to prepare a compound of formula (I) or a salt or ester thereof, in which R 2 represents: 
a hydrogen atom; 

an alkyl group having from 1 to 3 carbon atoms; 

a substituted alkyl group having from 1 1 3 carbon atoms, in which the substituent is set cted from 
substituents (b'), defined b low; 

an alkenyl group having 3 or 4 carbon at ms; - - 

an alkynyl group having 3 or 4 carbon atoms; or 
a group of formula -C(=NH)R* 
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where R 6 represents 
a hydrogen atom, 

an unsubstituted alkyl group having from 1 to 3 carbon atoms, 

a substituted alkyl group which has from 1 to 3 carbon atoms and which is substituted by at 
least one substituent selected from halogen atoms, 

alkoxy groups having from 1 to 3 carbon atoms and cycloalkyl groups having from 3 to 6 car- 
bon atoms, or 

a cycloalkyl group having from 3 to 6 ring carbon atoms; and 
substituents (b') are selected from: hydroxy groups, carboxy groups, carbamoyl groups, carbamoy- 
loxy groups, cyano groups, sulphamoyl groups, ureido groups, sulpho groups, alkoxy groups having from 

1 to 3 carbon atoms, alkoxycarbonyi groups having from 2 to 4 carbon atoms, aJkanoyi groups having from 

2 to 4 carbon atoms, aJkanoyiamino groups having from 2 to 4 carbon atoms, alkanoytoxy groups having 
from 2 to 4 carbon atoms, amino groups, mono- and di- alkylamino groups in which the or each alkyl group 
has from 1 to 3 carbon atoms, alkyl thio groups having from 1 to 3 carbon atoms, alkytsulphinyl groups 
having from 1 to 3 carbon atoms, alkyisulphonyi groups having from 1 to 3 carbon atoms, mono- and di- 
alkyl carbamoyl groups in which the or each alkyl group has from 1 to 3 carbon atoms, and mono- and di- 
alky (carbamoyl oxy groups in which the or each alkyl group has from 1 to 3 carbon atoms. 

A process according to any one of Claims 1 to 6, in which the reagents and reaction conditions are so 
chosen as to prepare a compound of formula (I) or a salt or ester thereof, in which A represents a group 
of formula (A1 ), and R 3 and R 4 each represents a hydrogen atom, an alkyl group having from 1 to 3 carbon 
atoms, a hydroxy group, a carboxy group, a carbamoyl group or a substituted alkyl group which has from 
1 to 3 carbon atoms and which is substituted by at least one substituent selected from hydroxy groups, 
alkoxy groups having from 1 to 3 carbon atoms, amino groups, carbamoyl groups and halogen atoms. 

A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

A represents a group of formula (A1); 

n is 2; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyl group or an 
acetimidoyl group; 

R 2 represents a hydrogen atom, a 2-hydroxyethyl group, a 2-carbamoylethyl group, a carboxyme- 
thyl group, a carbamoyfmethyi group, a 2-fluoroethyl group, a formimidoyl group or an acetimidoyl group; 
and 

R 3 and R 4 are the same or different and each represents a hydrogen atom, a methyl group, a car- 
bamoyl group, a cyano group, a carboxy group, a hydroxymethyt group, a fluoromethyl group or an amt- 
nomethyi group. 

A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

A represents a group of formula (A1); 

n is 3; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyl group or an 
acetimidoyl group; 

R 2 represents a hydrogen atom, a methyl group, a formimidoyl group, an acetimidoyl group, a car- 
boxymethyl group, a carbamoylmefhyl group, a 2-hydroxyethyt group or a 2-fluoroethyl group; and 

R 3 and R 4 are the same or different and each represents a hydrogen atom, a methyl group, a hy- 
droxy group, an amino group, a cyano group, a carboxy group, a carbamoyl group, a carbamoytoxy group, 
a hydroxymethyt group, a fluoromethyl group or an aminomethyl group. 

A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

A represents a group of formula (A1); 

n is 2; 

R 1 represents a hydrogen atom, a methyl group, a formimidoyl group or an acetimidoyl group; 
R 2 represents a hydrogen atom, a 2-hydroxyethyl group, a carboxymethyl group, a formimidoyl 
group or an ace timid yl group; 

R3 represents a hydrogen atom; and 
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R 4 represents a methyl group, a carbamoyl group, a cyan group, a hydroxymethyt group, a fluo- 
rom ethyl group or an aminom thy! group. 

11. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
5 as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

A represents a group of formula (A1 ); 
n is 3; 

R 1 represents a hydrogen atom, a methyl group, a formimidoyi group or an acetimidoyl group; 
R 2 represents a formimidoyi group, an acetimidoyl group, a carboxymethyl group, a 2-hydroxyethyl 
10 group or a 2-f luoroethyt group; and 

R 3 and R* are the same or different and each represents a hydrogen atom, a hydroxy group, an 
amino group or a cyano group. 

12. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chos n 
15 as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

A represents a group of formula (A2), and R 7 represents: a hydrogen atom; a carboxy group; a car- 
bamoyl group; an alkyt group having from 1 to 3 carbon atoms; or a substituted alkyl group having from 
1 to 3 carbon atoms, in which the substituent is selected from hydroxy groups, alkoxy groups having from 
1 to 3 carbon atoms, carbamoyl groups, carboxy groups and cyano groups. 

20 13. A process according to Claim 1 , in which the reagents and reaction conditions are so chosen as to prepare 
a compound of formula (I) or a salt or ester thereof, in which A represents a group of formula (A2), and 
R8 represents: a hydrogen atom; an alkyl group having from 1 to 3 carbon atoms; a substituted alkyl group 
having from 1 to 3 carbon atoms, in which the substituent is selected from hydroxy groups, alkoxy groups 
having from 1 to 3 carbon atoms, carbamoyl groups, carbamoyloxy groups, carboxy groups, cyano groups, 
amino groups and halogen atoms; an alkenyl group having 3 or 4 carbon atoms; or an alkynyl group having 
3 or 4 carbon atoms. 
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14. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which A represents a group of formula 
30 (A2), and R 9 represents: a hydrogen atom; an alkyl group having from 1 to 3 carbon atoms; a substituted 

alkyl group having from 1 to 3 carbon atoms, in which the substituent is selected from hydroxy groups, 
alkoxy groups having from 1 to 3 carbon atoms, carbamoyl groups, carbamoyloxy groups, carboxy groups, 
cyano groups, amino groups and halogen atoms; or a group of formula -C(=NH)R 10 , in which R 10 repre- 
sents: 

a hydrogen atom; 

an alkyl group having from 1 to 3 carbon atoms; 

a substituted alkyt group having from 1 to 3 carbon atoms, in which the substituent is selected from 
alkoxy groups having from 1 to 3 carbon atoms and halogen atoms; 
a cycloalkyl group having from 3 to 6 carbon atoms; or 

an alkyl group having from 1 to 3 carbon atoms, which is substituted by a single cycloalkyl group 
having from 3 to 6 carbon atoms. 
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15. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which A represents a group of formula 

45 (A2), and R 8 and R 9 together represent a group of formula -(CH2),-W-(CH2) r , in which W represents a 

carbon-carbon single bond, an oxygen atom, a sulphur atom or a group of formula >NR 22 , in which R 22 
represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms, s is 1, 2 or 3 and t is 2. 

16. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chos n 
so as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

A represents a group of formula (A2); 
d isOor 1; 
m is 0, 1 r 2; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimid yt group or an 
55 acetimidoyl group; 

R 7 represents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms, a hydroxy group, 
an amino group, a cyan group, a halogen atom, a carboxy group, a carbamoyl group or a hydroxymethyl 
group; 
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R* represents a hydrogen atom, an alkyl group having from 1 t 3 carbon atoms, a fluoromethyt 
group, a carbamoyimethyl group, a carboxymethyi group, an alkenyl group having 3 or 4 carbon atoms, 
an alkynyl group having 3 or 4 carbon atoms, a 2-haloethyl group, a 2-hydroxyethyi group, a 2-alkoxyethyl 
group, in which the alkoxy part has from 1 to 3 carbon atoms, or a 2-aminoethyi group; 
5 R ft represents a hydrogen atom, an aikyi group having from 1 to 3 carbon atoms, a fluoromethyl 

group, a carbamoyimethyl group, a carboxymethyi group, a formimidoyi group, an acetimidoyl group, a 2- 
haloethyi group, a 2-hydroxyethyi group, a 2-alkoxyethyl group, in which the alkoxy part has from 1 to 3 
carbon atoms, or a 2-aminoethyl group; 

or 

10 R6 and R° together represent a group of formula 

-(CH^-, 
-(CHJs-, 
-(CHjhOfCH^, 
-(CH^CHaV, 
15 -(CH2) 2 NH(CH2)2- or 

-(CH^NCHatCHJx-. 

A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which: 
A represents a group. of formula (A2); 
d is 0; 
m is 1 or 2; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyi group or an 
acetimidoyl group; 

R 7 represents a hydrogen atom; 

R 8 represents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms, a carbamoyimethyl 
group, a carboxymethyi group, a 2-fluoroethyi group or a 2-hydroxyethyi group; and 

R° represents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms, a formimidoyi 
group, an acetimidoyl group or a 2-fluoroethyl group. 

A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which A represents a group of formula 
(A3), £ is 0, 1 or 2, and R 7 represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms. 

A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which A represents a group of formula 
(A3), and R 11 represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms, such as a 
methyl, ethyl or propyl group. 

A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chos n 
as to prepare a compound of formula (I) or a salt or ester thereof, in which A represents a group of formula 
(A3), and R 12 represents: a hydrogen atom; an alkyl group having from 1 to 3 carbon atoms; a substituted 
alkyl group having from 1 to 3 carbon atoms, in which the substifcuent is selected from hydroxy groups, 
alkoxy groups having from 1 to 3 carbon atoms, carbamoyl groups, carbamoyloxy groups, carboxy groups, 
cyano groups, amino groups and halogen atoms; an alkenyl group having 3 or 4 carbon atoms; an alkynyl 
group having 3 or 4 carbon atoms; or a group of formula -C(=NH)R 13 f in which R 13 represents: 
a hydrogen atom; 

an alkyl group having from 1 to 3 carbon atoms; 

a substituted alkyl group having from 1 to 3 carbon atoms, in which the substituent is selected from 
alkoxy groups having from 1 to 3 carbon atoms and halogen atoms; 
a cycloalkyl group having from 3 to 6 carbon atoms; or 

an alkyl group having from 1 to 3 carbon atoms, which is substituted by a single cycloalkyl group 
having from 3 to 6 carbon atoms. 

21. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chos n 
as to prepare a compound of formula (I) or a salt or ester thereof, in which: 
A represents a group of formula (A3); 
f is 0, 1 or 2; 
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R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimid yt group or an 
acetimidoyl group; 

R 7 represents a hydrogen atom; 

rii represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms; and 
R 12 represents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms, a fluoromethyl 
group, a carbamoylmethy! group, a carboxymethyl group, an alkenyi group having' 3 or 4 carbon atoms, 
an alkynyi group having 3 or 4 carbon atoms, a formimidoyi group, an acetimidoyl group, a 2-haloethyi 
group, a 2-hydroxyethyl group, a 2-aikoxyethyl group, in which the alkoxy part has from 1 to 3 carbon atoms 
or a 2-aminoethyl group. 

22. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

A represents a group of formula (A3); 
I is 1 or 2; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyi group or an 
acetimidoyl group; 

R 7 represents a hydrogen atom; 

R" represents a hydrogen atom or a methyl group; and 

R12 represents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms, a fluoromethyl 
group, a carbamoyimethyl group, a carboxymethyl group, a formimidoyi group, an acetimidoyl group, a 2- 
fluoroethyl group or a 2-hydroxyethyl group. 

23. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which A represents a group of formula 
(A4), and R 14 and R 16 each represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms. 

24. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which A represents a group of formula 
(A4), and R 10 represents: a hydrogen atom; an alkyl group having from 1 to 3 carbon atoms; a substituted 
alkyl group having from 1 to 3 carbon atoms, in which the substituent is selected from alkoxy groups having 
from 1 to 3 carbon atoms and halogen atoms; a cycloalkyl group having from 3 to 6 carbon atoms; or an 
alkyl group having from 1 to 3 carbon atoms, which is substituted by a single cycloalkyl group having from 
3 to 6 carbon atoms. 

25. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

A represents a group of formula (A4); 
Ms 1 or 2; and 

R\ R u , R 16 and R 16 are the same or different and each represents a hydrogen atom or an alkyl 
group having from 1 to 3 carbon atoms. 

26. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chos n 
as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

A represents a group of formula (A4); 
[is 1; and 

R 1 , R 14 , R 16 and R 16 are the same or different and each represents a hydrogen atom or a methyl 

group. 

27. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which A represents a group of formula 
(A5), and R 17 and R 18 each represents: a hydrogen atom; an alkyl group having from 1 to 3 carbon atoms; 
or a substituted alkyl group having from 1 to 3 carbon atoms, in which the substituent is selected fr m 
hydroxy groups, alkoxy groups having from 1 to 3 carbon atoms and halogen atoms. 

28. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditi ns are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof. In which A represents a group of formula 
(A5), and R 17 and R 18 together represent a group of formula -(CHJq-Y-CChyr, in which Y represents a 
carbon-carbon single bond, an oxygen atom or a group of formula ^NR 23 , in which R 23 represents a hy- 
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drogen atom or an alkyl group having from 1 t 3 carbon atoms, and g and r are each 2 or 3. 

29. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which: 
5 A represents a group of formula (A5); 

P> 2; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyi group or an 
acetimidoyl group; 

R 17 and R 18 are the same or different and each represents a hydrogen atom, an aikyl group having 
10 from 1 to 3 carbon atoms, a 2-haloethyl group or a 2-hydroxyethyl group; 

or 

R 17 and R 18 together represent a group of formula 
-(CH^-, 
-(CHjV, 

15 -(CH^CKCH^, 
-(CHihStCHjfc-. 
-(CH^NHtCHaJr or 
-(CHJjNCHatCH^. 
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30. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

A represents a group of formula (A5); 
E is 2; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyi group or an 
acetimidoyl group; and 

R 17 and R 18 are the same or different and each represents a hydrogen atom or a methyl group. 

31. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which A represents a group of formula 
(A6), and R 19 represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms. 

32. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

A represents a group of formula (A6); 
] and k are both 2; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyi group or an 
acetimidoyl group; and 

Rid represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms. 

33. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
40 as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

A represents a group of formula (A6); 
i and k are both 2; and 

R 1 and R 19 are the same or different and each represents a hydrogen atom or a methyl group. 

45 34. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which A represents a group of formula 
(A7), and Z represents a 1-imidazolyl group, a 1,2,4-triazoM-yi group or a 1,2,3-triazoM-yl group. 

35. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
so as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

A represents a group of formula {AT); 
g is 0, 1 or 2; 

R 1 represents a hydrogen atom or a methyl group; and 

Z r presents a 1-imidazolyl group, a 1,2,4-triazol-1-yl group or a 1,2,3-triazoM-yl group. 
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36. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which: 
A represents a group of formula (A7); 
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a Is 1 or 2; 

R 1 represents a hydrogen atom or a methyl group; and 

Z represents a 1-imidazolyl group, a 1,2,4-triazoM-yl group or a 1,2,3-triazoM-yl group. 

5 37. A process according to Claim 1 or Claim 2 t in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which A represents a group of formula 
(A8), and R 20 and R 21 each represents a hydrogen atom or an alkyt group having from 1 to 3 carbon atoms. 

38. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
10 as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

A represents a group of formula (A8); 
e and fare both 1; 

R 1 represents a hydrogen atom, a methyl group, a fluoromethyl group, a formimidoyl group or an 
acetimidoyl group; and 

R 20 and R 21 each represents a hydrogen atom or an alkyt group having from 1 to 3 carbon atoms. 
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39. A process according to Claim 1 or Claim 2, in which the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

A represents a group of formula (A8); 
e and fare both 1; 

R 1 represents a hydrogen atom or a methyl group; 

R 20 represents a hydrogen atom; and 

R 21 represents a hydrogen atom or a methyl group. 

40. A process according to any one of the preceding Claims, in which the reagents and reaction conditions 
are so chosen as to prepare a compound of formula (I) or a salt or ester thereof, in which the carbon atoms 
are in the same configurations as those of thienamycin. 



41 . A process according to Claim 1 , in which the reagents and reaction conditions are so chosen as to prepare 
the following compounds: 
30 2-[2-(1-homopiperazinylcarbonyl)-lHrnethyl^ 
en-2-em-3-carboxylic acid; 

2-[2-(4-carboxymethylhonrrapiperazm^ 

1- carbapen-2-em-3-carboxylic acid; 

2^2-[4-(2-hydroxyethyf)homopiperazirv1-y^ 
35 1 -carbapen-2-em-3-carboxy1ic acid; 

2-[2-(4-acetimidoyihoiTOpiperazin^ 
carbapen-2-em-3-carboxylic acid; 

2-[2-(4-formimidoyirK)iTOpipei^ 
carbapen-2-em-3-carboxylic acid; 
40 242-(4-fbrmimidoylhorrK>pipeiazin-1-y1^ 
methyl- 1 -carta per>-2-em-3-carboxyiic acid; 
2^2-(lHrnethyl-2-piperaziny1cart>onyO^ 

2- em-3-carboxylic acid; 

2-{2^4-(2-hydroxyethyl)pipei^rh1-yt 
45 bapen-2-em-3-carboxytic acid; 

2^2-(3-methylpiperazirHl-y1carbony1)p 
2-em-3-carboxylic acid; 

2^2-(4-formimidoylpiperazirM-ylcarbo^ 
en-2-em-3-carboxylic acid; 

50 2-{2-(4-acetimidoylpiperazin-1 -ytcarbonyl)pyrrol(din-4-y1thio}-6-(1 -hydroxyethyl}- 1 -methyM -carta p- 

en-2-em-3-carboxyiic add; 

2^2-(4-fonntokloy1piper^ 
1 -cartapen-2-env3-carboxy1ic acid; 

2-[2-(4-ace timid ylpip«^iv1-ylcarbor^)-1 -methyl py^ 
55 1-carbapen-2-env3-carboxyfic acid; 

2-C2-(4-formimkJoyM-nreth^ 
1-carbapen-2-em-3-carboxylic acid; 
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2-{2-(4-acetimid yi-^methylpiperazin-1-ylca^ 

1- carbapert-2-em-3-cartoxytic acid; 

2^2-(2-methyipiperazirv1-yicarbony()pyrrolidin^ylthio]-6-(1-hydroxyethyt^ 

2- em-3-carboxytic acid; 

2-{2-(4-formimidoyl-2-methyipiperazirv1 -ytcarbonyl)pyrrolidin-4-yi thk>}-6-<1 -hydroxyethyi>-1 -methyl- 
1-carbaper>-2-em-S-carboxyiic acid; 

2^2-(4-acetimidoyl-2Hnethylpiperazin-1-v^ 
1 -carbaperv2-em-3-cart>oxyiic add; 

242-(3-hydroxymethyipipetazirHl-ylcaito 
bapen-2-enrv3-carboxyiic acid; 

241- formimidoyl-2^4-fbrmir^ 
methyl- 1 -carbapen-2-em-3-carboxyi ic acid; 

2^2-(3-acetimkJoylaminopyrrol[diri-1-ylcaitOT 
carbapen-2-em-3-carboxylic acid; 

2^2-(3-formimidoylaminopyrroikfifVl-v^ 
carbapen-2-em-3-carboxy1ic acid; 

2-{2-(:^aminopyrrolidin-1-yicart>onyl)pyrro^ 
em-3-carboxylic acid; 

2^-(4-acetimWoylaminopiperid-1-ylcarlx>n^ 
bapen-2-em-3-carboxytic acid; 

2^-(3-ajninopyrrolidiiv1-yicarbon^ 
bapen-2-em-3-carboxylic acid; 

2^2-(3-acetimkJoylaminopyrrolidirv1-ylcarbonyi)-1-methy^ 
methyl- 1 -carbapen-2-em-3-carboxy1ic acid; 

2-{2-(3-formimidoylaminopyrrolidin-1 -ylcarbonyl)-1 -methy(pyrrolidin-4-yithiol-6-(1 -hydroxyethyl)-1 - 
methyl- 1 -carbapen-2-em-3-carboxy1ic acid; 

2^2-(4-ac»timkloyiaminopiperk*-1-ylcarbonyi)-1-methy1pyrrolidi 
thyl-1-carbapen-2-em-3-carboxylic acid; 

242- (1-formimidoylpyrroiidin-3-ylcart>aiT^ 
bapen-2-em-3-carboxylic acid; 

2-[2-(3-dimethylamino-1 ,2,5,6-tetrahydropyrazin-l -y1cartx>nyl)pyrrolidin-4-yithio]-6-(1-hydroxyethyl)- 
1-methyl-1-carbapen-2-em-3-carboxylic acid; 
and pharmaceutical^ acceptable salts and esters thereof. 

A process for preparing a pharmaceutical composition comprising mixing a pharmaceutical^ acceptabl 
carrier, diluent or adjuvant with an antibiotic, in which the antibiotic is selected from compounds of formula 
(I) and pharmaceutical^ acceptable salts and esters thereof, as defined in any one of Claims 1 to 41. 

The use of a compound of formula (I) or a pharmaceutically acceptable salt or ester thereof, as defined 
in any one of Claims 1 to 41 for the manufacture of a medicament for the treatment or prophylaxis of bac- 
terial Infections. 
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